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Editorial 


Reflections on Electrocardiography 


rg\HE PHYSICIAN who purchases an elec- 

trocardiograph and expects it to write out 
the correct cardiac diagnosis in all patients is 
deluding himself, and he may become a danger 
to his community. Unfortunately, most pa- 
tients and many physicians consider the electro- 
cardiogram to be nearly infallible, and many 
people have been wrongly condemned to the 
life of a cardiac cripple solely on electrocardio- 
graphic evidence. These patients illustrate the 
seamy side of electrocardiography and indicate 
how a basically accurate and reliable technic 
may go astray. 

Some years ago electrocardiographic errors 
might have occasionally been due to technical 
difficulties arising in the actual registration of 
the tracings. In recent years, however, improve- 
ments in the design of equipment, including the 
use of differential amplifiers and the practice of 
grounding the subject with an electrode on the 
right leg, have made it possible for any physi- 
cian, nurse, or technician to secure records of 
good quality, provided a few simple instructions 
are followed. Today, electrocardiographic errors 
are usually due to inexperienced or over enthu- 
siastic interpretation, and not to technically 
bad records. This statement does not mean 
that the technical quality of the tracings may 
be ignored. This is not, and never will be true, 
si.ce lead wires will occasionally be mixed, and 
fuses, resistances, or condensers in the electro- 
c.rdiograph will go bad. The experienced 
el-ctrocardiographer is always alert to recog- 
nize such mishaps and is constantly trying to 
maintain and improve the technical quality of 
tl.e records. 

How may one avoid errors in the interpre- 
t.tion of electrocardiograms? Experience in 


reading tracings and knowledge of some of the 
basic electric phenomena going on in the heart 
and how various leads function are perhaps the 
best answers to this question. Many other fac- 
tors are, however, involved. Even in a large 
teaching hospital there is often pressure on the 
individual or group interpreting electrocardio- 
grams to read as much as possible into the re- 
ports. Such pressure may be much greater on 
the internist in practice. If he doesn’t come 
through with a report that confirms Dr. X’s 
suspicion that Mrs. Goldrocks has ‘‘myocar- 
ditis,” he will soon get a reputation of not 
knowing much about electrocardiography. 
Although it may not be easy, the physician 
interpreting electrocardiograms should resist 
the tendency to over-read the records. By so 
doing he will not be a party to the creation of 
iatrogenic heart disease and will come out 
ahead in the long run. 

A certain number of electrocardiograms 
show changes that justify a clinical diagnosis 
without any further information. For example, 
the majority of tracings taken on patients with 
acute myocardial infarction show RS-T seg- 
ment, T wave, and QRS alterations that allow 
the electrocardiographer to make the diagnosis 
in question with no other data relating to the 
patient. Tracings may also have similar specific 
diagnostic value in connection with the 
arrhythmias and in a few other conditions like 
hyperkalemia and hypocalcemia. In contrast 
to electrocardiograms of this kind is the large 
group of records that are abnormal but do not 
point to any single cardiac conditicn. Included 
in this category are tracings suggesting right or 
left ventricular hypertrophy, showing bundle- 
branch block, and the large heterogeneous 
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class of electrocardiograms that show abnormal 
T waves. Tracings of this kind may be very 
helpful by limiting the number of diagnostic 
possibilities and also by supplying some evidence 
favoring the presence of organic heart disease 
in the patient. It is in connection with assist- 
ance of the latter type that the electrocardio- 
graphic “eager beavers’ do most of their dirty 
work. They do not know that bundle-branch 
block, even left branch block, may occur with- 
out any significant myocardial disease and do 
not appreciate how frequently T wave ‘‘abnor- 
malities” are found in the complete absence of 
heart disease. 

Over a period of years it has been found that 
in most normal subjects the T waves are up- 
right in leads I, II, and in precordial leads taken 
from sites over the left ventricle. If one remem- 
bers how easily the recovery process in cardiac 
muscle is influenced by factors such as tempera- 
ture, electrolyte levels, and hyperventilation, 
that have nothing to do with heart disease, it is 
not surprising that electrocardiograms from 
individuals with normal hearts may show 
“abnormal” T waves at times. The sensible 
electrocardiographer appreciates these matters 
and never makes a diagnosis of “coronary 
insufficiency” or, even worse, “coronary 
sclerosis” on the basis of T-wave changes alone. 

A few words must be said about the hyper- 
ventilation syndrome. Although this common 
functional difficulty has been recognized for a 
long time, many physicians, including some 
with long experience, fail to suspect the con- 
dition either as a major or complicating cause 
for a patient’s symptoms. Several features of 
the syndrome serve to confuse the unwary 
physician. Among its protean manifestations 
are pain, often in the precordial area, and 
sensations of air hunger, which the patient 
often will report as true dyspnea. Although 
the chest pain may superficially resemble 
angina pectoris, a careful history usually makes 
it clear that it is quite unlike true angina. Fur- 
thermore, the frequent occurrence of numbness 
and tingling in the extremities and circumoral 
region, peculiar sensations of tenseness and 
increasing hyperpnea, often culminating in 
syncope, usually make the nature of the dis- 
turbance clear. Finally, as mentioned above, 


hyperventilation frequently causes RS-T seg- 
ment and T-wave abnormalities. These may be 
either transient or chronic and are often indis- 
tinguishable from changes due to coronary 
artery or other types of heart disease. Thx 
existence of electrocardiographic changes wit! 
hyperventilation has been known for many 
years, and in 1943 Thompson! reviewed th 
previous literature and pointed out very clearh 
the character of the abnormalities and th 
importance of their recognition. A number o 
other papers on this subject, including severa 
recent ones, will be found in the literature; i: 
spite of fairly adequate discussion, however 
this matter and its important implications seen 
to be widely ignored. The writer believes tha 
many hundreds, and perhaps thousands, o 
patients are being treated today as victims o/ 
coronary disease when they actually have 
nothing but hyperventilation syndrome. Poo: 
electrocardiography is, of course, only partly 
responsible for this situation. 

Again, we may ask, how should the physician 
interpreting electrocardiograms report tracings 
showing only T-wave abnormalities in a man- 
ner that will be as helpful as possible to the 
clinician and yet minimize the danger of over- 
reading the records? There is no entirely 
satisfactory way for meeting this situation, but 
we use the deliberately vague term “suggests 
myocardial changes” in our reports. Most 
physicians in our hospital have learned that 
this noncommittal expression means that we 
consider the record to be outside of the com- 
monly accepted limits of normal but we don’t 
know why this is true. Physicians interpreting 
electrocardiograms should always have at hand 
as much clinical data about patients on whom 
tracings are taken as is possible. When this 
information is available, the records may be 
interpreted in much more specific terms than 
when such data are lacking. The ideal situation 
is for the physician responsible for the patient 
to interpret the electrocardiogram himself 
provided he is qualified to do so. The doctoi 
who purchases an electrocardiograph and trie: 
to interpret the tracings himself without ade- 
quate experience and training is not muc! 
worse than is the physician who sends the 
tracings away to some agency for interpreta- 
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ton, particularly if the records are sent without 
puch clinical data. 

The foregoing material refers almost entirely 
t. clinical interpretation of electrocardiograms. 
‘i his facet of electrocardiography must always 
| - the responsibility of the physician. Many 
paysicians, in addition to this purely clinical 
ive of the records, have carried out important 
i vestigations that have added immeasurably 
i» our knowledge and the usefulness of the 

ience. One could mention dozens of individu- 
ais Who have contributed in this way, but few 
vould disagree that Sir Thomas Lewis and 
lyoctor Frank N. Wilson were leaders of this 
vroup. It must be pointed out, however, that 
ihe first great electrocardiographer, Wilhelm 
linthoven, was not a physician but a physicist, 
and that one of the most important contribu- 
tions in recent years, the concept of the lead 
vector, was developed by H. C. Burger, another 
Dutch physicist working with J. B. vanMilaan, 
u physician. In this country several biophysi- 
cists and electrical engineers, including Schmitt, 
I'rank, MeFee, and Nelson have done and are 
doing outstanding work on electrophysiology 
of the heart and electrocardiographic leads. 
Although some of this work is rather compli- 
cated and technical in nature, many of the 
important ideas developed by these scientists 
will in time be used to improve routine diag- 
nostie technies. 

It has been assumed for many years that, 
during excitation of the ventricles, the acces- 
sion wave spreads in a roughly radial fashion 
from the endocardial to the epicardial surfaces 
of these chambers, and interpretation of the 
form of the QRS complexes in direct and semi- 
direct (precordial) leads has been based toa 
considerable degree on this premise. Recent 
studies by Prinzmetal and associates,” however, 
suggest that the subendocardial layers are 
excited very rapidly with no clear tendency to 
‘dial outward spread and that this type of 

‘tivation occurs only in the subepicardial 

gions. Similar work by Durrer, vanderTweel 
aid Blickman* and Sodi-Pallares and associ- 

est supports this view. Investigations carried 
it, with a somewhat different technic, by 
‘her and co-workers,® however, are interpreted 
1» support the original contention that activa- 


tion of the ventricles occurs in a_ basically 
endocardial to epicardial direction. This matter 
is of great practical as well as theoretical im- 
portance. If Prinzmetal’s view is correct, the 
subendocardial muscle will contribute nothing 
to the QRS complexes obtained in direct or 
semidirect leads and therefore even extensive 
infarcts in this inner region will cause no abnor- 
malities of the QRS complexes in the leads in 
question. At the moment, the writer finds it 
hard to believe that the subendocardial muscle 
is so completely silent, but further work must 
be done to clarify this point. 

Vectorcardiography is an interesting field 
that has been the subject of great activity in 
recent years. Although Doctor Wilson and the 
author recorded some of the first records of this 
kind, using the cathode-ray oscillograph 
nearly 20 years ago, we have never in our 
laboratory had a great deal of interest or 
enthusiasm about vectorcardiography as a 
practical clinical diagnostic tool. The reasons 
for this view have been recorded in some detail 
elsewhere® and can only be briefly outlined 
here. 

Since vectorcardiograms are figures obtained 
by combining with a cathode-ray tube 2 
‘ardiac voltages that might be recorded 
individually as ordinary scalar electrocardio- 
grams, the vector figures contain no informa- 
tion not present in the 2 ordinary tracings. 
Phase differences between peaks of R waves in 


the scalar records, for example, are clearly 


shown in the vectorcardiogram, but, except for 
this, the latter has little advantage. The 
vectorcardiogram is simply a different way of 
displaying the data present in the 2 ordinary 
tracings. 

If these facts are granted, it seems obvious 
that leads good for vectocardiography should 
also be good ones for scalar records. Most 
vectorcardiographers have never considered 
their choice of leads from this point of view. If 
3 leads or lead systems can be devised that will 
yield entirely satisfactory orthogonal com- 
ponents (i.e., transverse, vertical, and sagittal) 
of cardiac electromotive forces these leads 
would not only be ideal for vectorcardiography 
but would provide a scheme by means of which 
most of the data now requiring at least 9 leads 
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could be recorded in 3 electrocardiograms. The 
writer believes that the lead-field concept 
developed by McFee and Johnston’~® points to 
methods for accomplishing this desirable end. 
These ideas are further discussed in a recent 
paper by Reynolds, Cordes, Willis, and 
Johnston.'° 

Klectrocardiography has advanced a great 
deal in the past half a century, but even though 
technical advances in the future may simplify 
and improve methods for the registration of 
records, the human element, concerned with 
interpretation of records will always be with us. 
In this connection it is well for all of us to keep 
in mind a remark so often made by Doctor 
Wilson. ‘The more one learns about the 
fundamentals of electrocardiography the more 
conservative he becomes in the interpretation 
of tracings.” 

FRANKLIN D. JOHNSTON 
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Medieal Eponyms 


By Rosert W. Buck, M.D. 


Valsalva Maneuver. This maneuver was described by Antonio Maria Valsalva (1666-1723) in 
his Treatise on the Human Ear (De Aure Humana Tractatus), Utrecht, 1717. The following quota- 
tion is taken from the edition published at Leyden in 1735, chapter 5, 8, page 84. 

“Tf a person who has a continuously discharging abscess in or near the eardrum will attempt, 
with his mouth and nostrils closed, to compress the air inside, then, as this is done, the bloody 
matter will usually flow out freely into the auditory meatus.” 





Serum Lipoprotein and Cholesterol Concentrations 


Comparison of Rural Costa Rican, Guatemalan, and 
United States Populations 


By Nevin 8. ScrimsHaw, Pu.D., M.D., Martua Trutson, D.Sc., Cantos Tresapa, M.D., 
D. Mark Heacstrep, Px.D., aNp Freprick J. Stare, M.D. 


A previous study indicated that Guatemalan Indians, both male and female, tended to maintain 
low levels of serum cholesterol throughout adulthood but that beta-lipoprotein fractions increased 
with age, as is usually the case in populations in the United States. To investigate whether race was 
of importance in this unexpected dissociation between these lipid fractions, a similar study was 
done with a rural group in Costa Rica, which was comparable in the diet consumed and in many 
other environmental factors, but of pure European origin. At all ages the cholesterol values were 
slightly higher but the same type of dissociation was observed. 


N A previous report Mann, Munoz, and 

Scrimshaw! demonstrated that rural Gua- 
temalans, subsisting on a diet low in both ani- 
mal protein and calories from fat, had much 
lower serum cholesterol values than men and 
women from business and professional families 
living in urban areas in either Guatemala or 
the United States. The rural Guatemalans 
also. showed 48-lipoprotein fractions that 
were within the same levels for males, and 
higher levels for females, than upper income 
populations in urban Guatemala and the 
United States. This dissociation between serum 
cholesterol and certain 8-lipoprotein fractions 
was quite unexpected and contrary to the 
findings of studies dealing exclusively with 
United States subjects. 

These observations have important implica- 


From the Institute of Nutrition of Central Amer- 
ica and Panama (INCAP), Guatemala City, Guate- 
mala, and the Department of Nutrition, Harvard 
School of Public Health, Boston, Mass. The Institute 
of Nutrition of Central America and Panama is a 
cooperative activity of Costa Rica, El Salvador, 
Guatemala, Honduras, Nicaragua, and Panama, 
2dministered by the Pan American Sanitary Bureau, 
| egional Office for the Americas of the World Health 
(‘rganization. INCAP Scientifie Publication I-66. 

This study was supported in part by grants from 
the National Heart Institute (grant no. H-2200) of 
‘he National Institutes of Health, U. S. Public 
\lealth Service, Bethesda, Md.; the Nutrition Foun- 
‘ation, Inc., New York City; the Albert and Mary 

asker Foundation, New York City; the John A. 
lartford Memorial Fund; and the Fund for Research 
nd Teaching, Department of Nutrition, Harvard 
chool of Public Health. 


tions because autopsy findings indicate that 
the rural Guatemalan group has a much lower 
incidence of the complications of atherosclero- 
sis than persons in the United States.? Simi- 
larly, clinical records show coronary heart 
disease to be common among business and 
professional persons in urban areas in both 
the United States and Guatemala and exceed- 
ingly rare among lower inconie persons resid- 
ing in rural Guatemala. 

These results suggested that environmental 
differences, among which diet might be the 
most important determining factor, were re- 
sponsible for the relative freedom from coro- 
nary heart disease and other complications of 
atherosclerosis of the Guatemalan rural group. 
This group differed, however, in racial origin: 
they were known to be predominantly Mayan 
Indian by their physical appearance, way of 
life, and the distribution of blood group O, 
which varied from 80 to 96 per cent, depending 
on the village studied.*:* In contrast, the 
United States population is known to have a 
major blood group frequency of approximately 
45 per cent type O°, and the upper income 
Guatemalan population a frequency only 
slightly higher,* which correlates well with the 
predominantly European origin of this seg- 
ment of the Guatemalan population. Before 
accepting environmental variations as respon- 
sible for the differences encountered between 
rural Guatemalans and the other 2 groups it 
was necessary to be certain that differences in 
racial origin were not of major significance. 


Circulation, Volume XV, June 1957 





806 SERUM LIPOPROTEIN AND CHOLESTEROL CONCENTRATIONS 


In the present study comparable informa- 
tion has been obtained on a group of persons 
living in rural Costa Rica, under conditions 
similar to those previously studied in rural 
Guatemala, except that the Costa Rican popu- 
lation is predominantly European by history, 
physical appearance, and distribution of the 
major blood groups.* 


MATERIAL AND METHODS 


The population of the rural area of Turrialba, 
Costa Rica, was selected because detailed social, 
economic, agricultural, dietary, and clinical studies 
had been carried out on this group.*: 7 This popula- 
tion is European in origin, with essentially no Negro 
or Indian admixture. In other respects it resembles 
the rural Guatemalan Indian population previously 
studied. The results of the clinical and laboratory 
examinations showed little difference between the 
rural Costa Ricans and Guatemalans, except for a 
greater frequency of hookworm anemia among the 
former. The rural Guatemalans and United States 
business and professional groups included for com- 
parison in this paper are those previously studied,! 
plus additional determinations in the latter group. 
Each subject was examined by a physician, and 
blood pressure, height, and weight were recorded. 
For the purposes of the present report, subjects 
with evidences of acute or chronic disease or a 
blood pressure exceeding 140/90 were excluded from 
the tabulations. 

Dietary Data. Dietary histories were obtained 
from 140 representative families in the rural area 
of Turrialba by means of 7-day-diet records. The 
weekly purchasing pattern of this community facili- 
tated the use of this procedure, which was carried 
out by a nutritionist familiar with the language, 
customs, and foods of the people. The nutrient 
intakes were estimated by means of a food composi- 
tion table based on the analysis of Central American 
foods® and their dietary allowances modified from 
those of the National Research Council (U. 8.) to 
conform with local environmental conditions and 
mean body weights.’ The collection and calculation 
of the dietary data on the other 2 groups have been 
previously described.! 

Laboratory Data. The blood samples were col- 
lected in the field and immediately transported to a 
central laboratory for centrifugation and recovery 
of the sera. Serum samples, kept at 0 to 5 C. at all 
times, were placed in labeled tubes for air shipment 
to Boston. Lipoproteins were measured with the 
ultracentrifuge by the method of Gofman and 
co-workers.’ Although only the 6-lipoprotein S; 
12-20 and S¢ 35-100 fractions were measured in the 
previous study, the values for the S- 0-12, S_¢ 12-20, 
and S- 20-100 were determined in the Costa Rican 
sample. Our S¢ 20-100 measurements are compa- 


rable to the “standard” S; 20-400 values 
Delalla and Gofman." Cholesterol was measur 
by the method of Abell and associates.” 

Statistical Data. The laboratory data for eac' 
group were tabulated according to sex and deca: 
of age. The tabulations differed from those present: 
in the previous paper in that no logarithmic trans 
formations of the measurements were made. Th 
degree of skewness of the distribution was suf! 
ciently slight that this transformation wasn 
considered necessary. The relative weights, (100 > 
observed weight) : : 

- ; were computed for all subject 

desirable weight) 
For lack of more suitable reference data, the tab| 
of Desirable Weights* of the Metropolitan Li 
Insurance Company®: were used for this cale 
lation. The t test was employed to evaluate t! 
significance of difference between means. 


RESULTS 


A partial summary of the dietary finding. 
in the 3 groups is given in table 1. When com 
pared with the rural Guatemalans previous! 
studied, the diets of the Turrialba rural area 
population are higher in calories, fat, and 
cholesterol. The percentage of total calories 
from fat, although slightly greater than in 
rural Guatemala, is still less than a third of 
the percentage given in the United States re- 
ports.!®> The amount of protein and fat of 
animal as compared with vegetable origin, is 
nearly 3 times greater in the rural Costa Ricans 
than in the rural Guatemalans, but still much 
less than for the United States population. It 
is of interest that the small amount of free 
fat consumed in Guatemala came from lard, 
while in Turrialba, some butter and vegetable 
oil were also used. The cholesterol content of 
the diets of the 3 groups was estimated and 
found to be low in the rural Costa Ricans and 
still lower in the rural Guatemalans. 

The levels of cholesterol and lipoproteins of 
the S; 12-20 and S; 20-100 classes for the 5 
groups are shown in table 2. The data are 
grouped according to decade of age and the 
significance of each comparison is given. When 
the rural Costa Rican group is compared with 
the rural Guatemalan group, the serum choles- 
terol levels tend to be slightly higher, signifi 
cantly so in 2 age groups for the males and : 
age groups for the females. On the other hand 


* Formerly referred to by the Metropolitan Lif 
Insurance Company as ‘“‘Ideal Weights.”’ 
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TABLE 1.—Approximate Dietary Intake of Study Groups 


Gholea: Protein (Gm./day) Fat (Gm./day) Proportion 

~.y 3, | terol - - _— of calories 

Calories (mg. from fat 
day) Anima! | Veg.| Total | Animal | Veg.| Total t 


ral Costa Riea (Turrialba) 2705 150 17 56 73 25 12 37 
ral Guatemala (Highlands) 2283 50 6 | 61 67 9 14 23 
S. business and professional workers* 3240 700 32 | 97 104 | 44 


* Derived from available food of 1952.'° 


TABLE 2.—Serum Lipoprotein and Cholesterol Levels of Rural Costa Ricans, Rural Guatemalans, and 
North Americans According to Age and Sex 
(Concentrations are mg. per 100 ml. serum; data not adjusted for differences in body weight.) 


f B Cc 
, Rural] Costa Rican | Rural Guatemalan | A compared with United States A compared 
Age (yr.) Group 


™ . eee ‘ with C 
i | | 


N| xX | S.D. N| x |s.D. p N xX |S.D. p 


Males 
20-29 S_ 12-20 13 | 24 
S;_ 20-100 60 
Cholestero! : 132 
30-39 S; 12-20 ( § | 34/| 3i 
S; 20-100 | 67 
Cholesterol 140 | 
10-49 S; 12-20 18 32 | 685 
S; 20-100 83 
Cholesterol 150 
S_¢ 12-20 ; : 16:| 32 
S; 20-100 t 67 
Cholesterol 2 134 


Females 


20-29 S; 12-20 26 21 | 35] 
S- 20-100 53 2 79 | 
Cholesterol 159 | ; 144 | 30 

30-39 S; 12-20 : 27 41 | 27:1 17 
S, 20-100 60 | 36 89 | 43 | 34 
Cholesterol 179 | 38 147 | 24 | 32 

40-49 S_ 12-20 25 45 | 21 15 
S; 20-100 52 89 | 45 | 28 
Cholesterol 180 | 165 | 36 | 40 
Sr 12-20 35 43 | 19 | ( 39 | 24 
S; 20-100 82 65 | 28 | | 59 


Cholesterol 191 | 3 147 | 33 | 51 


he S- 12-20 fraction tended to be lower in probably due to the small number of cases in 
‘ral Costa Ricans, significantly so in 1 age the latter. The direction of the changes tended 
oup for each sex. The 8S; 20-100 fraction to put the rural Costa Ricans closer to the 
so tended to be somewhat lower in rural values encountered in the urban United States 
sta Ricans than in the rural Guatemalans. population, but the magnitude of the differ- 
This difference was significant in females, for ences between the rural Costa Rican and rural 
e decades 30 to 39 and 40 to 49, with a re- Guatemalan populations was small. 

rsal of this trend in the 50 to 59 age group, When the rural Costa Rican was compared 
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—— RURAL COSTA RICAN 
——- RURAL GUATEMALAN 
NORTH AMERICAN 


FEMALES 


me 
LA | 
ar 


100 
20-29 30-39 40-49 50-59 
YEARS 


Fig. 1. A comparison of the levels of serum cho- 
lesterol and 2 classes of lipoproteins among subjects 
consuming different diets. 


with the urban United States population, the 
serum cholesterol levels were significantly 
lower in every decade. However, the trend of 
the lipoprotein values differed in males and 
females. Costa Rican males tended to have 
lower S; 12-20 and 20-100 values than males 
of similar age in the United States, although 
the differences were significant in only about 
half. On the other hand, a dissociation between 
cholesterol and lipoprotein was noted in rural 
Costa Rican women. The S; 20-100 fraction 
tended to be significantly higher in the decade 
20 to 29. The S; 12-20 fraction was not sig- 
nificantly different between United States and 
Costa Rican women. 

These trends are shown graphically in figure 
1, where the Costa Rican males are interme- 
diate in cholesterol, but tend to be lower in 
S;: 12-20 and 20-100 levels than the other 2 
groups. For the Costa Rican females, the cho- 
lesterol and S; 20-100 levels are seen to be 
intermediate between the rural Guatemalan 
and United States groups, but the S; 12-20 
fractions were almost identical in rural Costa 
Rica and United States. 

In the previous study, the levels of the S; 


TABLE 3.—Levels of S; 0-12 Lipoprotein Fractions /» 
Rural Costa Rican and United States Populations 


Group 
i 
. | compar 
A Bie uss oes | with ( 
Rural Costa Rican} United States* 


Age (yr.) 


n| x |lsp.| n | x Isp. 
| | | | 
Males 


20-29 197 | 53 75 
30-39 9 | 239 | 48 | 358 
46-49 247 | 42 | 313 
50-59 220 | 40 | 228 


Females 


20-29 14 | 233 | 35 | 86 | 283 | 72 | 

30-39 268 | 61 | 452 | 304 | 81) ] .0 
40-49 11 | 233 | 41 | 399 | 346 | 81 0 
50-59 4 | 235 | 26 | 269 | 363 | 78 | | .0 


* “Standard”’ S; 0-12 values'®; these are slight! 
lower than ‘‘observed”’ figures as measured on the 
Costa Ricans. 


0-12 lipoprotein fractions were not determined’ 
Table 3 gives the S; 0-12 concentrations for 
the rural Costa Ricans and a United States 
sample done in a different laboratory. The 
latter is reasonably comparable economically 
and socially to the United States sample stud- 
ied in this laboratory. It will be seen that in 
both sexes and in every decade the S; 0-12 
fractions for the rural Costa Ricans were sig- 
nificantly lower than in the United States 
population. ’ 

The rural Costa Ricans showed the same 
relative weight as the rural Guatemalans for 
the earlier decades and this remained un- 
changed through the 50-59 age group, at 
which time the relative weight of the rural! 
Guatemalan males showed a significant drop. 
As shown in table 4, the rural Costa Rican 
females began at a relative weight below that 
of the rural Guatemalans, and unlike them, 
did not show any further decrease in relative 
weight with increasing age. The rural Costs 
Ricans showed much lower relative weights 
than the United States subjects. Analysis « 
covariance had shown in the previous con 
parison among rural Guatemalans, urba 
Guatemalans, and a United States urba 
population sample that relative weight was 0 
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TABLE 4.—Relative Weights by Age and Sex for Rural Costa Ricans, 
Rural Guatemalans, and United States Subjects 


A compared 


A | Cc 
| Rural Costa Rican | Rural Guatemalan with B | United States 


Age (yr.) A compared 


sete ee , with C 
SEX | p \ SEX p 


Males 


20-29 am | 

30-39 1.54 | 107 
40-49 1.89 | | 110 
50-59 a | 2.00 eee 


Females 


20-29 89 
30-39 91 


3.41 ; i 103 2. | 05 
2.58 | 107 2. -05 


+ 
= 

40-49 95 + 3.92 2 106 
rm 


50-59 90 


minor importance in influencing serum lipid 
levels. This analysis was repeated for the com- 
parison between the rural Costa Rican and 
United States group, with the same results. 


Discussion 


These observations indicate that the differ- 
ences previously encountered between the 
rural Guatemalan population and the urban 
groups in Guatemala and the United States 
were not due to racial factors. Furthermore, 
the differences in serum lipids between the 
rural Costa Ricans and rural Guatemalans are 
in general small and not statistically signifi- 
cant. It is of interest that these differences are 
almost always in the direction of the urban 
business and professional population in the 
United States and Guatemala, so that the 
Costa Ricans can be said to have gone a very 
small part of the distance toward the type of 
serum cholesterol and lipoprotein relationships 
found in the United States. 

Table 1 shows that urban Costa Ricans do 

ive slightly more animal protein, slightly 

ore fat, a higher percentage of calories from 

t, and more cholesterol in their diets than do 

ie rural Guatemalans. The evidence that 

etary cholesterol has no relation to serum 
lesterol levels within the range of choles- 
rol intake under consideration is convinc- 

g.7. 18 Tf the difference in serum cholesterol 

in be attributed to the difference in fat in- 


: 05 
106 Oe | 05 


take, as has been suggested by Keys,*: 7° it 
may be somewhat discouraging from the point 
of view of prevention to note that differences 
as small as those existing between these 2 rural 
populations may have a detectable effect on 
cholesterol levels. However, assuming serum 
cholesterol levels correlate with the occurrence 
of atherosclerosis, the upper limits beyond 
which the development of atheromata are ac- 
celerated are still unknown. 

Attention has also been called to the simi- 
larity between the predominantly vegetable 
diet consumed by persons in rural Central 
America and the “rice diet’? regimen for the 
treatment of essential hypertension. In the 
latter, Hatch’s group” has reported a lowering 
of cholesterol values in most cases together 
with a 9 per cent increase in 8; 12-20 and a 
99 per cent rise in S; 20-100 values. This was 
associated with an increase in serum neu- 
tral fat. 

The suggestion has been made that some 
factor in vegetable protein diets, apart from 
the major nutrients, might be responsible for 
a decrease in serum cholesterol levels in per- 
sons consuming low-fat diets. Sitosterol has 
been studied as an example of such a sub- 
stance.” However, it has been difficult to con- 
ceive of a factor that would be common to 
low-fat diets in all of the various parts of the 
world in which low serum cholesterol levels 
have been encountered. Malmros and Wigand” 
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have reported that a fall in serum cholesterol 
levels accompanied the institution of a diet 
rich in corn oil in 8 cases of familial hypercho- 
lesterolemia. They suggested that these effects 
might be due to the high essential fatty acid 
content of corn oil, which contains 57 per cent 
linoleic acid. This suggestion is supported by 
the recent observations of Lever and Wad- 
dell, Kinsell and co-workers, Bronte-Stew- 
art,2> and Ahrens.2® However, most of these 
studies have been on few patients and for 
short periods of observation. When 1000 cal- 
ories of an unsaturated vegetable oil (peanut) 
with 22 per cent linoleic acid were incorporated 
into the daily diets of 25 men for a period of 
4 weeks, we observed a marked drop in cho- 
lesterol after 1 or 2 weeks, but by the fourth 
week the cholesterol values were mostly back 
at starting levels.” Thus, the decrease in serum 
cholesterol reported to follow the generous ad- 
ministration of some oil rich in essential fatty 
acids may turn out to be only transient when 
added to the daily diet. Nevertheless, it is of 
interest that the high-corn diets of Central 
America, although low in total fat, do at least 
provide a generous proportion of the essential 
fatty acid, linoleic acid. 

The results again indicate that under the 
conditions prevailing in Central America, par- 
ticularly in females, a definite dissociation be- 
tween the levels of serum lipoprotein and 
cholesterol occurs. The Guatemalan females 
can no longer be said to be unique in combin- 
ing low cholesterol levels with high lipopro- 
tein levels when compared with age-matched 
North American females, for the Costa Rican 
females also show this phenomenon in the Sy 
20-100 lipoprotein fractions. This discrepancy 
raises the question as to which fractions in the 
lipoprotein complex system are involved in the 
lower levels of cholesterol in the blood stream 
under the environmental influences prevailing 
in rural Guatemala and Costa Rica. The cho- 
lesterol associated with the various lipoprotein 
fractions accounts for at least 95 per cent of 
the total. The cholesterol content of the S; 


0-12 fraction alone has been given as approxi- 
mately 33 per cent.”-*° From the results of the 
present study it appears that most of the 


difference in cholesterol levels can be account 
for by the low levels of the S; 0-12 fraction 

The question may be raised as to whet! 
the rural Costa Rican population is as f 
from the complications of atherosclerosis 
the rural Guatemalan population. Prelimin: : 
information being collected by one of 
(C. T.) in cooperation with Dr. Rodo/ 
Céspedes in Costa Rica indicates that 1 
Costa Rican rural population does, in fa 
share in this relative immunity from corona” 
heart disease and other complications of athe: 
sclerosis. If this is true, our data on both t 
Guatemalans and Costa Ricans, indicati 
rather minor differences in the serum conc« 
trations of the lipoproteins, S; 12-100, betwecn 
these groups and the United States popul.- 
tion, but large and significant differences in 
the S; 0-12 and cholesterol concentrations 
between the Costa Rican and United States 
groups, suggest that these latter 2 fractions 
may be more intimately related to the devel- 
opment of atherosclerosis than the S; 12-100 
fractions. 

There is no doubt that the rural and poor 
urban populations of Central America con- 
sume much less fat than most persons in the 
United States, derive a far smaller percentage 
of their total calories from this class of nu- 
trient, and utilize different kinds of fats. Other 
known differences in the dietary data include 
the amount of animal protein, the number of 
calories from refined carbohydrates, and the 
percentage of crude fiber. In addition, vita- 
min A and riboflavin intakes are lower and 
the mineral composition of the diets differ. It 
is also conceivable that there are other specific 
factors in the Central American diets that can 
serve to depress the serum cholesterol. Fur- 
thermore, the relative body weights of the 
rural population are less and they are more 
active physically. For these reasons, it would 
be premature to assert which specific environ- 
mental factors are the ones responsible for the 
lower serum cholesterol and freedom from the 
complications of atherosclerosis of the lower 
income groups of Central America. Forti 
nately, the Central American area offers 
very favorable opportunity for the continuin; 
investigation of this problem. 
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SUMMARY 

Che total cholesterol and major beta-lipo- 

‘tein fractions were determined in a group 

99 men and women living in the rural zone 

Turrialba, Costa Rica, and subsisting on 

‘ts low in fat and animal protein. These 

easurements were compared with North 
\mericans and rural Guatemalans previously 

vestigated. 

At all ages studied the Costa Rican sub- 
j-cts, both male and female, were shown to 
have mean cholesterol values that were slightly 
higher than the rural Guatemalans, but much 
lower than the North Americans. There was 
little evidence among the Costa Ricans of the 
tendency for serum cholesterol to increase with 
age. The S- 12-20 and 20-100 levels in the 
rural Costa Rican males were only slightly 
lower and in the females were frequently 
higher than in the North Americans. They 
tended to be lower, however, than in the rural 
Guatemalans previously studied. The S; 0-12 
levels were lower in the rural Costa Ricans 
than in the North Americans and this differ- 
ence was sufficient to account for most of the 
differences in cholesterol levels. 

The greater leanness of the rural Costa 
Rican was shown not to be a significant factor 
in the lower cholesterol values. Since the rural 
Costa Rican population was of European ori- 
gin in contrast to the predominantly Mayan 
Indian of the rural Guatemalan group pre- 
viously studied, the similarity of the results in 
both populations would seem to eliminate 
racial factors from serious consideration and 
to confirm the hypothesis that environmental 
factors, most likely nutritional, are responsi- 
ble for the differences observed between rural 
Central Americans and North Americans. 

In view of the supposed freedom of Central 
American rural and low income urban popula- 
tions from the complications of atherosclerosis 
ii is important that the dietary and other en- 
\ironmental factors be identified that may be 
responsible for these differences. 

Since there are only minor differences in the 
‘oncentration of the S; 12-100 lipoproteins in 
he United States and Central American 
-roups, but large differences in the serum cho- 

‘sterol and S; 0-12 lipoproteins, the latter 2 


fractions may be more closely related to the 
development of atherosclerosis than the lipo- 
proteins with high flotation rates. 
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SUMMARIO IN INTERLINGUA 


Le cholesterol total e le major fractiones de 
lipoproteina beta esseva determinate in un 
gruppo de 99 homines e feminas habitante le 
zona rural de Turrialba in Costa Rica e vivente 
con dietas a basse contento de grassia e pro- 


teina animal. Iste mesurationes esseva compa- 
rate con datos obtenite in previe investiga- 
tiones de nord-americanos e guatemalanos. 

Esseva constatate que le costaricanos de 
ambe sexos e de omne etates representate in le 
studio habeva valores medie de cholesterol 
que esseva levemente plus alte que illos del 
guatemalanos rural sed multo plus basse que 
illos del nord-americanos. In le costaricanos 
le tendentia de cholesterol seral de augmentar 
se con le etate del subjectos esseva pauco 
evidente. Le nivellos S; 12-20 e 20-100 in 
masculos rural de Costa Rica esseva solmente 
pauco plus basse que in nord-americanos; in 
femininas illos esseva frequentemente plus 
alte. Tamen, iste valores tendeva a esser plus 
basse que in le previemente studiate guate- 
malanos rural. Le nivellos 8S; 0-12 esseva plus 
basse in le costaricanos rural que in le nord- 
americanos, e iste differentia sufficeva a coperir 
le plus grande parte del differentias in le 
nivellos de cholesterol. 

Esseva monstrate que le plus grande ma- 
gressa del costaricano rural non esseva un factor 
significative in le causation del plus basse 
valores de cholesterol. Proque le subjectos 
rural in Costa Rica esseva de origine europee 
durante que le previemente studiate gruppo 
de guatemalanos rural esseva predominante- 
mente indianos mayan, le similaritate del 
resultatos obtenite in le duo populationes pare 
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eliminar le possibilitate que factores racial 
debe esser prendite in consideration e confirma 
le hypothese que factores ambiental, proba- 
bilissimemente nutritional, es responsabile 
pro le differentias observate inter centro- e 
nord-americanos rural. 

Viste le observation que le populationes 
rural a basse revenitos in America Central es 
libere del complicationes de atherosclerosis, 
il es importante identificar le factores dietari 
e alteremente ambiental que es responsabile 
pro iste differentias. 

Proque il existe solmente minor differentias 
in le concentrationes del lipoproteinas a S; 
12-100 inter le gruppos statounitese e centro- 
american sed grande differentias in le cho- 
lesterol seral e le lipoproteinas a S; 0-12, iste 
ultime fractiones es forsan plus directemente 
connectite con le disveloppamento de athero- 
sclerosis que le lipoproteinas a S; 12-100. 
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RUPTURE OF THE HEART 

I will add another observation: A noble Knight Baronet, Sir Robert Darcie, father to the Son-in- 
Law of the most learned man, and my very great friend and a famous Physician, Dr. Argent, about 
the middle of his age, did often complain of an oppressive pain in his breast, especially in the night 
time, so that sometimes being afraid of collapsion of spirits, sometimes fearing suffocation by a Par- 
oxisme, he led an unquiet and anxious life, using the Counsell of all Physicians, and taking many 
things in vain; at last the disease prevailing, he becomes cachectick, and Hydropick, and at last 
opprest in a signal Paroxism, he dyed. In his Corps, in the presence of Dr. Argent, who at that time 
was President of the College of Physicians, and Dr. Gorge, a rare Divine, and a good Preacher, who 
was at that time Minister of that Parish, by the hinderance of the passage of the blood out of the left 
ventricle into the arteries, the wall of the left ventricle it self (which is seen to be thick and strong 
enough) was broken, and poured forth blood at a wide hole, for it was a hole so big, that it would 
easily receive one of my fingers —W1LLIAM Harvey, De Circulatione Sanguinis, 1649. 
























































































































































































Valvular Pulmonary Stenosis with Intact 
Ventricular Septum 
Clinical and Physiologic Response to Open Valvuloplasty 


By 8. Gu.Bert Buiowunt, Jr., M.D., Jack van Evk, M.D., Oscar J. Batcuum, M.D., Px.D., 
AND Henry Swan, M.D. 


Clinical and physiologic studies have been carried out in 25 patients following surgical correction 
: s £ £ 






of congenital valvular pulmonary stenosis. The patients were operated upon under conditions of 
hypothermia and circulatory occlusion and the approach to the valve was transarterial, permitting 
plastic repair of the stenotic pulmonary valve with unimpaired vision and a dry operative field. 
The systolic pressure gradient between the right ventricle and the pulmonary artery has been com- 
pletely abolished in 17 of the 25 patients. The results as reported in this series are considered to be 
superior to those obtained with the blind transventricular approach and the operative mortality 


ALVULAR pulmonary stenosis with an 

intact ventricular septum is a common 
congenital anomaly. Frequently this defect is 
not detected early in life as the completely 
asymptomatic course does not bring the child 
to the attention of a physician. The increase in 
periodic physical examinations of school chil- 
dren in recent years has led to the discovery of 
a greater number of individuals with this type 
of congenital heart disease. However, the clini- 
cal findings are easily misinterpreted, and be- 
‘cause of the complete lack of symptoms and 
the normal heart size the severity of this 
anomaly has frequently not been appreciated. 
The true significance of this entity and its 
potential danger, however, is now more 
generally realized. 

Several forms of corrective surgery for 
valvular pulmonary stenosis have been de- 
veloped. The transventricular approach of 
Brock has been widely employed; however, 
evaluation of the operative results both at this 
institution and elsewhere has led to the con- 
clusion that this approach often does not satis- 
factorily relieve the stenosis.'~® 
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University of Colorado School of Medicine, Denver, 
Colo. 
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certainly compares favorably with the transventricular approach. 





The application of hypothermia with circu- 
latory occlusion has permitted open heart 
surgery, whereby the type and the degree of 
the stenosis can be evaluated and valvulo- 
plasty performed with deliberation. Our ex- 
perience with this approach in 38 patients has 
demonstrated that the mortality is no greater 
than with the blind ventricular approach and 
that results are superior. 


MATERIALS AND METHODS 


A total of 38 patients has been operated on by 
this technic. Ten patients were cyanotic. The 2 
deaths in the series were in this group. 

This study concerns itself mainly with the first 
25 consecutive patients who have been evaluated 
before and after surgery from a clinical and physio- 
logic standpoint. The remaining 13 patients have 
been operated upon too recently for follow-up 
studies. These 25 patients can be divided into 2 
groups, 15 patients with an intact atrial septum and 
10 patients with associated functional or anatomic 
atrial septal defect (tables 1 and 2). 

All patients were operated via a transarterial 
approach under hypothermia and: circulatory oc- 
clusion.® The stenotic valve was incised and partially 
excised in the first 3 patients. In all other patients 
the stenotic valve was incised along the commissures, 
without removal of valve tissue. The first 3 patients 
have now been followed for 3 to 31% years, while al 
other patients have been followed for a period of 
from a few months to 3 years. 

All patients except 1 were catheterized prior (9 
operation, and all were recatheterized followir z 
surgery. Strain gages and a Hathaway oscillograp : 
were used for the recording of pressures. 
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TABLE 1.—Pressures in Fifteen Patients with Valvular Pulmonary Stenosis and Intact 
Atrial Septum 


y | Preoperatively 
-atient : 


‘umber 
| Grad. 


17/4 | 125 
18/12 92 
18/9 101 
25/7 | 125 
17/13 48 
19/12 77 
32/16* 68 
30/16 =| 105 
31/17 126 


25/13 96 
23/15 167 
24/8 63 
15/10 155 
30/20 175 
15/11 127 
10 18/12 158 


Postoperatively 
RV Sat. PA Grad. RV 
142/—2 94. 15/3 19/-—5 
110/3 | .2 | 32/9 32/—1 
119/-5 96 .6 25/9 29/6 
150/5 95. DAZ | 2 42/5 
65/3 98. 21/10 35/1 
96/9 8 27/18 5 35/4 
100/12 56/30* 2 68/10 
135/11 8 33/12 7 50/—2 
157/5 . 49/22 25 74/12 
43/20T ‘ 67/16 
121/6 18/8 ¢ 27/2 94. 
190/27 ca 27/13 of 86/10 93 .6 
87/12 92.8 37/12 46/12 92.§ 
170/12 91.6 38/23 ‘ 50/15 90. 
205/9 99.8 26/16 oe 59/13 92.6 
142/0 91. 26/13 33/0 96. 
176/9 Of: 20/10 28 45/9 95. 


PA = Pressures in mm. Hg in pulmonary artery (PA), right ventricle (RV) and systolic pressure 


gradient (Grad.) between them. 


Sat. = Peripheral arterial blood oxygen saturation in percentages. 


* Second reading following exercise. 


+ Second postoperative catheterization 1 year following surgery. 


TABLE 2.—Pressures in Ten Patients with Valvular Pulmonary Stenosis and Atrial Defect 


a Preoperatively 
Patient : 


Number ae Age 
Grad. 


16 
17 
1S 


19 


é 17/8 

M 28/23 | 145 
F ) 32/20 38 
M 11 23/13 | 114 


Postoperatively 
RV Sat. PA Grad. RV 


15/9 14 29/7 
142/—2 15/3 4 19/-—5 
17/9 41 58 
30/16* 23 
93/8 46/25 19 
27/14* 20 
180/10 25/10 15 
120/5 78 27/12 33 10/* 73.6 
23/13 22 /8 91 
190/12 = 29/11 
173/11 $1.2 39/23 35/5 85.2 
70/4 26/10 26/—2 93.8 
137/11 6 43/13 ‘ 5/% 85 


PA = Pressures in mm. Hg in pulmonary artery (PA), right ventricle (RV) and systolic pressure 


gradient (Grad.) between them. 


Sat. = Peripheral arterial blood oxygen saturation in percentages. 
* Second postoperative catheterization 1 year following surgery. 


RESULTS 
linical Observations 
The majority of the patients were young 
hildren, only 3 were older than 15 years. 
Of the 15 patients with an intact atrial 


septum (table 1), 7 patients were asympto- 
matic while the other 8 revealed a slight degree 
of dyspnea and fatigue, only with sustained 
exertion. The dyspnea was never severe, and 
the fatigue was the more prominent complaint, 
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although this was usually difficult to evaluate, 
particularly in children. No cyanosis was noted 
in this group. Following operation all 8 pa- 
tients reported an improvement in exercise 
tolerance, and all but 1 were considered to be 
normal in this respect. 

Eight of the 10 patients with a defect in the 
atrial septum (table 2) were cyanotic. Patient 
no. 24 was acyanotic and on fluoroscopy 
showed an increased vascularity of the lung 
fields; at cardiac catheterization a left-to-right 
shunt was found at the atrial level. Patient no. 
25 was not cyanotic; however bidirectional 
shunting of blood at the atrial level was demon- 
strated at cardiac catheterization. After surgery 
2 patients became acyanotic, the cyanosis de- 
creased significantly in 2, while in the remain- 
ing 4 patients no definite change in color was 
observed. All patients in this group were 
limited in their exercise tolerance: 6 had slight 
limitation; 2 patients, (no. 21 and 25) could 
not walk more than a few blocks and became 
more deeply cyanotic on exertion; patient no. 
20 had spells of severe cyanosis and dyspnea; 
and patient no. 18, a deeply cyanotic infant, 
was in congestive failure during the month 
prior to surgery. Without exception all pa- 
tients in this group showed marked improve- 
ment in their exercise tolerance following 
surgery. 


Sept. 23,1952 Pepe eadat adiarnAs ta retn en 


Morch'9.1953 Be iageaelale 


coum gee rae ea ene 


A palpable thrill was observed in all patie::ts 
of both groups. Postoperatively the thrill cis- 
appeared in all but 3 patients. A harsh, systc ic 
murmur was audible in all patients. It was of 
grade IV to VI in intensity in 21 and maxim) m 
in the first left intercostal space at the ster: a] 
border; 4 patients had only a grade II to [I 
murmur. Following operation the murmur : e- 
creased in intensity to grade II or III in I 
but 4 patients, in whom it was grade IV. T je 
murmur never disappeared completely. 

A diastolic murmur of pulmonary insi f- 
ficiency was noted following operation in the ; 
patients in whom the pulmonary valve ws 
partially excised and in 8 of the remaining 
patients. 


Electrocardiography 


A tall R wave with a ventricular activation 
time exceeding 0.03 second was present in lead 
V;R and V;, in all patients in this study. A deep 
S wave, usually greater than 3 mm. and as 
great as 14 mm. was present in V, and ranged 
from 3 to 12 mm. in V;. A significant decrease 
in the height of the R wave in leads V;R and 
V, and in the depth of the S wave in leads V; 
and V; was observed in all patients followed 
for a period of more than 6 months after 
operation (figs. 1 and 2). The late R deflection 
in lead aVx also diminished. A striking change 


ta a re oe Pe ath ¥sacrhs ¥ Nad Yonah Va 


y % OVp 
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Fig. 1. Electrocardiographic changes in patient J. K. (10 years old) in whom the valve commissures 
were excised and some valve substance was removed. Note the continuing decrease of the height 
of the R wave in V3r, V:, and Ve, the decrease of the depth of the S wave in V. and V7, and the de- 
crease in the late R deflection of aVr. (Operation; March 10, 1953.) 
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Fic. 2. Electrocardiographic changes in a patient L. E. (15 years old) with valvular pulmonary 
stenosis and a patent foramen ovale. (Operation; June 16, 1955.) 


was also noted in 5 patients, with a change from 
a tall upright deflection in V,; to an rSR’ pat- 
tern. 
Radiography 

Decreased vascularity of the peripheral lung 
fields was observed prior to surgery in all the 
cyanotic patients. In 1 acyanotic patient (no. 
24), the vascularity was increased, and it was 


considered normal in the remaining patients. 
No significant change in the peripheral vascu- 
larity has been definitely detected following 
operation. 

The main pulmonary artery was enlarged in 
all patients and has not changed so far follow- 


ing surgery. The right and left pulmonary 
arteries were of normal or slightly increased 
size. The left pulmonary artery was often 
higger than the right pulmonary artery. 

The main pulmonary artery showed in- 
reased activity and pulsations in all patients. 
“his hyperactivity contrasted with the rela- 
‘ively quiet right and left pulmonary arteries. 
‘here was an increase in activity of the latter 
essels following surgery in 17 patients; in 2 
atients the right pulmonary artery did not 
10W pulsations postoperatively and in the re- 
iiainder it was difficult to estimate whether 
r not activity of the right and left pulmonary 
‘teries had increased. 


All patients demonstrated an enlarged right 
atrium and a cardiac configuration suggesting 
right ventricular hypertrophy. This pattern 
remained unchanged following surgery. A 
slight increase in over-all heart size was de- 
tected following the surgical correction of the 
pulmonary stenosis in 10 patients. This increase 
in heart size was slight and .occurred immedi- 
ately following operation; no further enlarge- 
ment has been observed, and the over-all size 
of the heart, to date, is considered to be within 
normal limits. 

Pathology 

The valvular deformities seem to fall into 2 
‘ategories, one perhaps representing a more 
advanced form of a single developmental 
process. In type I, more commonly seen in the 
younger patients and particularly associated 
with the higher ventricular pressures and 
larger gradients, the valve is composed of an 
elongated cone, more or less symmetrical, 
tapering to a small circular orifice, usually 1 to 
3 mm. in diameter. The valve structure is not 
much thickened fibrosed. Evenly spaced 
around the sulcus of the valve ring are 3 tiny 
elevations of fibrous tissue representing a rudi- 
mentary attempt at commissure formation. 

More commonly seen in adult patients is 
what we have termed the type II deformity. 
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Fig. 3. Right pulmonary artery (PA) and right 
ventricular pressure (RV) before (top) and after 
(bottom) operation in patient 9. 


The valve is much shorter, and consists of 3 
well-defined cusps, with fused commissures 
extending the entire distance to the orifice, 
which is irregular in shape, with diameters of 
2 to 6 mm. The defect is asymmetrical so that 
the jet stream may be ejected obliquely into 
the enlarged artery beyond. The rim of the 
defect is irregulariy thickened and very firm 
and rubbery in consistency, offering consider- 
able resistance to the cutting instrument. The 
commissures are also thickened, and offer the 
opportunity to the surgeon to create intact 
semilunar valves by very precise incisions 
through the center of the commissures. 


Hemodynamics 

The right heart and pulmonary artery pres- 
sures are recorded in tables 1 and 2. The post- 
operative data were obtained within a 3-month 
period following surgery in all patients. Data 
obtained at second postoperative catheteriza- 
tion 1 year following surgery in 4 patients are 
also included. 

The preoperative right ventricular systolic 
pressures were found to range from 100 to 142 
mm. Hg in the 3 patients (no. 1, 2, and 16) in 
whom the valve was partially excised, but be- 
came normal in all 3 patients following opera- 
tion. The systolic pressure gradient between 
the right ventricle and the pulmonary artery 


y ers] 
wate 


Fic. 4. Right atrial pressure before (top) and afte: 
(bottom) operation in patient 10. 


disappeared or was reduced to the minimal 
value of 14 mm. The pulmonary artery dias- 
tolic pressure decreased to lower than normal 
levels in 1 patient. 

Partial excision of valve tissue has been 
abandoned as unnecessary; therefore our main 
concern at the present time is with the hemo- 
dynamic data obtained before and after opera- 
tion in the 22 remaining patients. 

In them the systolic pressure gradient be- 
tween the right ventricle and the pulmonary 
artery, which ranged from 38 to 175 mm. Hg 
preoperatively, was reduced to less than 20 
mm. Hg in 14 patients (fig. 3). Particular at- 
tention is to be given to the remaining 8 
patients who had a postoperative gradient of 
over 20 mm. Hg. An additional interesting 
finding is that the systolic pressure in the 
pulmonary artery in 6 patients increased to 
higher than normal levels postoperatively, 
ranging from 37 to 49 mm. Hg. In a seventh 
patient (no. 6) the systolic pulmonary artery 
pressure was normal at rest (27 mm. Hg) but 
increased during exercise to 56 mm. Hg 
(table 1). 

The right atrial pressure was reduced follow- 
ing surgery (fig. 4) in patients in whom this 
pressure was high preoperatively, and in whom 
the pressure record showed a giant a-wave. 

In the patients with a defect in the atrial 
septum, 9 revealed cyanosis or periphera! 
arterial oxygen unsaturation as evidence of a 














ight-to-left shunt through the defect. Follow- 
ng operation 2 patients (no. 17 and 21) showed 
n increase in their peripheral arterial oxygen 
aturation to normal or nearly normal levels. 

No peripheral arterial blood was obtained 
prior to surgery in patient no. 18, who was 
severely cyanotic and in congestive failure. 
Postoperatively the oxygen saturation was 87.7 
yer cent, probably a very significant increase. 

In 2 other patients the oxygen content of 
he peripheral arterial blood was not deter- 
nined before and after operation. In the 
remaining 4 patients the peripheral arterial 
xygen saturation has not changed significantly 
following surgery for periods of a few months 
0 2 years. 

Patient no. 24 demonstrated a decrease in 
the right ventricular systolic pressure from 70 
to 40 mm. Hg postoperatively, but the left-to- 
right shunt increased. Following closure of the 
atrial septal defect at a later date the right 
ventricular pressure was reduced to normal 
with complete obliteration of the systolic 


pressure gradient between the right ventricle. 


and pulmonary artery (table 2). 

Patient no. 25 also demonstrated an increase 
in the volume of the left-to-right shunt through 
the defect in the atrial septum following 
valvuloplasty. 


Discussion 
Mortality 


The 4 largest groups of patients with valvu- 
lar pulmonary stenosis and intact ventricular 
septum that have been operated upon by the 
transventricular approach are those of Camp- 
bell and Brock,? Hosier,’ Lillehei,‘ and Silver- 
nan. Campbell and Brock have reported a 
‘otal of 58 patients with 8 deaths (14 per cent). 
‘here was a significant difference in the mor- 
ality with the presence or absence of cyanosis. 
in 33 acyanotic patients with valvular pulmo- 
‘ary stenosis there was but 1 death, while in 
‘> cyanotic patients there were 7 deaths. 
losier and associates have reported on a 
eries of 86 patients of whom 7 died (8 per 
ent). Three patients died (14 per cent) of 21 
eported by Silverman and associates; these 3 
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were in congestive failure with marked cardio- 
megaly. The transventricular approach for the 
relief of pulmonary valvular stenosis has been 
performed in only 6 patients in our institution 
with 1 death. Thus, the over-all mortality 
from the transventricular approach may be 
considered to be about 10 per cent. 

Although the present series is relatively 
small, it is the largest one that has been re- 
ported in which the direct approach has been 
applied. Thirty-eight patients have been 
operated upon with 2 deaths, a mortality of 5 
per cent. Both patients who died were cyanotic; 
there have been no deaths in 30 acyanotic 
patients. 

The first patient who died was a 7-month-old 
infant with a large heart, marked cyanosis, and 
congestive failure. The peripheral arterial oxy- 
gen saturation was 47 per cent and the pressure 
in the right ventricle was 108/35 mm. Hg. 
Operation was considered an emergency meas- 
ure. A severe valvular pulmonary stenosis was 
found, the orifice being 1.5 mm. in diameter. 
Operation was without event, the patient re- 
turned to her room in good condition. She died 
suddenly and unexpectedly 12 hours post- 
operatively. Unfortunately, a postmortem 
examination was not permitted. The other 
patient who died was a 10-year-old boy. He 
was cyanotic and had a peripheral arterial 
oxygen saturation of 75 per cent and a hemato- 
crit value of 85 per cent. The right ventricular 
pressure was 175/9 mm. Hg. Severe valvular 
pulmonary stenosis was found at operation 
and was relieved with difficulty. Preoperative 
cardiac catheterization had revealed a defect 
in the atrial septum and this finding was con- 
firmed by palpation at operation. After relief 
of the pulmonary stenosis it was decided to 
repair the atrial septal defect, but before this 
was completed the patient developed ventricu- 
lar fibrillation. The heart beat was restored to 
a regular rhythm but the patient died 5 hours 
later of a bleeding diathesis. 

Although this series is relatively small, it is 
considered that the operative risk of 5 per cent 
with the direct approach under hypothermia is 
certainly not greater and in fact may be less 
than that of transventricular approach. 
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Pulmonary Insufficiency 

The creation of insufficiency resulting from 
the excision of valve substance has been 
criticized.2 The 3 patients in whom the valve 
was partially excised in addition to the incision 
along the commissures, have now been followed 
for 31% years. All have definite auscultatory evi- 
dence of pulmonary insufficiency. The degree 
of pulmonary insufficiency is not considered 
significant, however, as the diastolic pressure 
in the pulmonary artery is within normal 
limits in 2 of these patients and is slightly de- 
creased in the remaining 1. Careful evaluation 
at this time reveals that all 3 are active, lead- 
ing entirely normal lives with no symptoms 
whatsoever. There has been no increase in the 
size of the heart, which is now within normal 
limits. The electrocardiogram has revealed 
regression of the evidence of right ventricular 
hypertrophy in all 3 patients (fig. 1). These 
findings suggest that the degree of pulmonary 
insufficiency in these patients is not of hemo- 
dynamic significance. 

Experimental excision of pulmonary valve 
cusps in the dog does not result in any notice- 
able detrimental effects upon the heart’—"'; 
only if all 3 cusps are completely excised does 
the right ventricle dilate and the right heart 
fail." The low diastolic pressure gradient nor- 
mally existing between the pulmonary artery 
and the right ventricle, which is due to the low 
pulmonary vascular resistance, apparently re- 
sults in an insignificant reflux of blood into the 
right ventricle, when the insufficiency of the 
pulmonary valve is mild. 

However, it is again emphasized that only a 
minimal amount of actual valve substance was 
removed in the first 3 patients, and that no 
valve tissue has been excised in the last 35 
patients. In 8 of the latter patients a murmur of 
pulmonary insufficiency was also audible. The 
degree of pulmonary insufficiency in these pa- 
tients is not considered to be of hemodynamic 
significance, since the diastolic pressure in the 
pulmonary artery was over 8 mm. Hg in all. 
The development of a postoperative pulmonary 
diastolic murmur has also been reported by 
authors employing the transventricular tech- 
nic? 


Thus, even when no valve tissue is excised, ; 
slight degree of pulmonary insufficiency may 
occasionally result in some patients, but ever 
when it occurs, it is not considered to be o 
hemodynamic nor of clinical significance. 


Clinical Observations 


Seven patients were asymptomatic prior t: 
surgery. Fourteen patients had symptoms o 
minimal dyspnea and fatigue on exertion. Tw: 
patients (no. 21 and 25) were moderately in 
‘apacitated, while the remaining 2 patient 
(no. 18 and 20) were more severely ill. Patien 
no. 18 was severely cyanotic and was in con 
gestive failure during the month prior t 
operation; patient no. 20 had spells of sever: 
dyspnea with increase of the cyanosis. 

Postoperatively these latter 2 patients hav 
shown great improvement and are now active 
and without symptoms. All patients who wer 
symptomatic prior to surgery have reported an 
increase in their exercise tolerance. 

It is worth re-emphasizing” that symptoma- 
tology plays only a minor role in the evaluation 
of patients for operation, as symptoms occur 
late in the course of the natural history of this 
anomaly, and patients with severe stenosis 
may be relatively asymptomatic. 


Electrocardiographic Observations 


All patients showed a degree of right ven- 
tricular hypertrophy preoperatively. Post- 
operatively various degrees of regression of the 
pattern of right ventricular hypertrophy have 
been observed depending upon the period of 
observation. All patients who were observed 
for a period of at least 6 months have revealed 
a decrease in the height of the R wave in leads 
V3R, Vi, and aVk, and in the depth of the 5 
wave in Vz and V;. In 5 patients the tall up 
right deflection present in leads V;R and V 
changed to an rSR’ pattern. This pattern ha: 
been frequently interpreted as indicating in 
complete right bundle-branch block. However 
a QRS duration of only .08 to .10 second ii 
the presence of an rSR’ complex is considere: 
to reflect minimal hypertrophy of the righ 
ventricle mainly in the structures of the out 
flow tract (figs. 1 and 2). It is expected tha 
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\ ith further regression of the hypertrophy a 
1 ormal electrocardiographic pattern will de- 
\ lop. 


adiography 


There was roentgenologic evidence of sig- 
ificant preoperative cardiac enlargement in 
nly 1 patient in this series (no. 18); this pa- 
ent was in failure at that time. Although 
here is enlargement of the right atrium and 
ypertrophy of the right ventricle, the over-all 
eart size may be within normal limits despite 
he presence of severe pulmonary valvular 
tenosis. 

Thus, until dilatation and failure of the 
heart supervene, the over-all heart size may be 
within normal limits or only slightly enlarged. 
‘There was a reduction in heart size in patient 
no. 18. There was no significant reduction in 
heart size in the other patients; to the con- 
trary, a slight increase in over-all heart size 
following surgery was detected in 10 patients. 
‘This increase was minimal and occurred in the 
immediate postoperative period. The heart 
size has not increased further in any of these 
patients, and is considered to be within normal 
limits at the present time. 

Preoperatively the vascularity of the lung 
fields was considered to be within normal 
limits in all 15 patients with an intact atrial 
septum. This observation is in agreement with 
the hemodynamic observation that the pul- 
monary blood flow at rest is normal in volume 
and equal to the peripheral systemic blood flow 
in these patients despite the stenosis of the 
pulmonary artery. Postoperatively the vascu- 
larity did not change in these patients. 

The vascularity of the lung fields appeared 
decreased in the cyanotic patients; particularly 
the periphery of the lung fields appeared more 
translucent than normal. Postoperatively an in- 
crease in the pulmonary vascularity was noted 

at least 3 of these patients; in the others no 

‘finite change has been observed. 

Patient no. 24 demonstrated a slightly in- 

sased vascularity of the lung fields prior to 
‘ ilvuloplasty. After this operation the vascu- 

rity increased considerably; at the present 
me, however, 20 months following closure of 


the atrial septal defect, the vascularity of the 
lung fields is considered to be within normal 
limits. 


Hemodynamic Observations 


In 14 patients the preoperative systolic pres- 
sure gradient across the pulmonary valve was 
greater than 100 mm. Hg and in 5 patients it 
was over 150 mm. Hg. Following surgery the 
systolic pressure gradient between the right 
ventricle and pulmonary artery was markedly 
decreased or completely obliterated in 17 of 
the 25 patients. We have arbitrarily chosen a 
gradient of 20 mm. Hg or less as indicative of 
an ideal result and of the absence of significant 
residual stenosis. It is with the remaining 8 
patients that we are particularly interested. 
Four of these had residual pressure gradients 
greater than 30 mm. Hg, the greatest being 
59 mm. Hg. 

There are several explanations that may be 
considered in regard to this residual gradient. 
The first possibility is that the stenosis was in- 
adequately relieved at the time of the surgical 
procedure. This is considered unlikely for the 
following reasons. The surgical procedure was 
performed under direct vision in a bloodless 
field. The valve was incised from its central 
aperture down to the annulus, along the lines of 
the commissures, whenever they were present. 
When only rudimentary commissures were 
noted at the base of the valve, the incisions 
were made from the aperture of the valve to 
these sites. Following this procedure in all 
adults and in all children with a pulmonary 
artery of sufficient size, the surgeon introduced 
a finger through the valve and palpated the 
subvalvular area. In patients in whom the size 
of the pulmonary artery did not allow this 
maneuver, a surgical clamp was passed through 
the valve orifice and spread, revealing that the 
valve had been opened to the limits of the 
annulus. The subvalvular area was also probed 
for additional sites of obstruction. 

A second consideration is that some valve 
cusps, being fibrosed, were sufficiently rigid to 
obstruct blood flow although adequate incisions 
had been made. This possibility exists but is 
difficult to evaluate. 
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A third explanation for a residual pressure 
gradient is the presence of an anatomic in- 
fundibular stenosis. At the time of operation 
in all patients the surgeon explored the sub- 
valvular area with his finger or with an instru- 
ment. No evidence of an infundibular stenosis 
was found; however it remains possible that an 
infundibular stenosis was present lower in the 
ventricle. 

There is one additional explanation that 
might account for this residual gradient: 
marked hypertrophy in the area of the crista 
supraventricularis and other structures form- 
ing the right ventricular outflow tract": © 
may act as an obstruction to the flow of blood 
into the pulmonary artery. If the residual 
gradient is chiefly the result of the obstruction 
offered by the hypertrophied outflow tract, 
then it is anticipated that this gradient will 
decrease with regression of the hypertrophy. A 
definite answer will not be forthcoming until 
more patients are restudied at longer intervals 
following surgery. However, in one patient 
(no. 21) who was catheterized on 2 occasions 
following surgery, the first time in the immedi- 
ate postoperative period and the second time a 
year following surgery, the findings may be 
interpreted as supporting the hypothesis that 
the hypertrophied outflow tract of the right 
ventricle may be the cause of the presence of a 
residual gradient in some patients (table 2). 

This patient (no. 21), was a 13-year-old 
cyanotic girl in whom a Blalock-Taussig pro- 
cedure had been performed at the age of 5. This 
anastomosis thrombosed shortly after the 
operation, and little change was noted in the 
patient’s clinical condition. At age 8 a trans- 
ventricular valvulotomy by the Brock technic 
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Fic. 5. Pressure tracing obtained on withdrawing cardiac catheter shortly after the third opera- 
tion in patient 21, showing an intermediate pressure zone between the pulmonary artery and right 
ventricle. 


was performed. Prior to the latter operation 
the right ventricular pressure was 190/8 m:n. 
Hg, the pressure in the pulmonary artery \\ as 
18/10 mm. Hg, and the femoral arterial blood 
oxygen saturation was 78 per cent. Recat! e- 
terization in February 1955 revealed the pr. s- 
sure in the right ventricle to be 120/5 m a, 
Hg; the femoral arterial blood oxygen satu: .- 
tion was 80 per cent. At the third operation in 
Denver in June 1955, a long, conical valve wiih 
an orifice of 4 mm. in diameter was observ: (|. 
Three incisions were made down to the val ‘e 
ring along the lines of the commissures and t':e 
surgeon inserted his finger through the vale 
into the outflow tract of the right ventricle. Tie 
outflow tract was narrowed presumably as a 
result of the severe hypertrophy of the ventricle. 
No definite sites of infundibular stenosis were 
considered to be present. The valve leafleis 
were pliable. 

Two weeks later the right ventricular pres- 
sure was 60/3 mm. Hg and the pulmonary 
artery pressure was 28/16 mm. Hg. On with- 
drawal of the catheter the pressure tracing 
showed an intermediate pressure zone between 
the pulmonary artery and the right ventricle 
(fig. 5). Thus, on withdrawing into the sub- 
valvular area, the systolic pressure remained at 
the same level as in the pulmonary artery 
while the diastolic pressure fell to a level of 5 
mm. Hg. On continued withdrawal into the 
lower right ventricle the systolic pressure sud- 
denly rose to 60 mm. Hg. Prior to surgery 
there was no evidence in the withdrawal pres- 
sure tracing of an infundibular chamber. The 
immediate postoperative electrocardiograms 
were not significantly different from the pre- 
operative tracings, continuing to reveal marked 
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Fig. 6. Pressure tracings at catheterization before (top) and after (bottom) operation in patient 
10, showing postoperatively an intermediate subvalvular pressure area. 


right ventricular hypertrophy (fig. 2). The 
peripheral arterial blood oxygen saturation was 
75.6 per cent. 

Recatheterization in May 1956, 11 months 
following the last operation, demonstrated 
pulmonary artery pressure of 23/13 mm. Hg, 
a right ventricular pressure of 45/8 mm. Hg, 
and the continued evidence in the withdrawal 
pressure tracing of an infundibular chamber 
with a pressure of 30/8 mm. Hg.* The periph- 
eral arterial oxygen saturation was 91 per cent, 
which represents a significant increase over the 
previous values. At this time the electrocardio- 
gram showed a striking change, with evidence 
of marked regression of the right ventricular 
lypertrophy (fig. 2). 

A second patient (no. 10) also revealed 
hanges in the postoperative withdrawal pres- 
ure tracing that suggested the presence of an 
‘itermediate pressure zone (fig. 6). Preopera- 
‘\vely the pulmonary artery pressure was 


? We are anethy indebted to Fiat P. Soulié 
1 his kindness in sending to us the results of his 
udies on this patient and for his permission to in- 
lude these data in this paper. 


25/13 mm. Hg, with an abrupt change to a 
right ventricular systolic pressure of 190 mm. 
Hg. This change occurred high at the level of 
the pulmonary valve. The. peripheral arterial 
saturation was 93.2 per cent. At operation the 
valve appeared conical with an orifice 4 to 5 
mm. in diameter. The lines of the fused com- 
missures were visible and the valve was incised 
along these 3 lines to the annulus. Recatheteri- 
zation 10 days postoperatively revealed a right 
ventricular pressure of 85/10 mm. Hg and a 
pulmonary arterial pressure of 28/10 mm. Hg. 
The withdrawal pressure tracing at this time 
revealed a pressure tracing suggestive of an 
intermediate chamber (fig. 6): in the immedi- 
ate subvalvular area there was a slight rise in 
the systolic pressure and a fall of the diastolic 
pressure to zero; on further withdrawal there 
was an additional abrupt rise in the systolic 
pressure level to 85 to 90 mm. Hg. 

Although both patients (no. 10 and 21) were 
not considered to have an anatomic infundibu- 
lar stenosis preoperatively and showed an 
abrupt transition in their withdrawal tracings 
without evidence of an intermediate pressure 
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zone, their postoperative pressure records have 
revealed a wave form commonly considered 
suggestive of infundibular stenosis. The ex- 
planation is offered that preoperatively these 
patients had 2 sites of obstruction in series. The 
distal one, being the more severe, obscured the 
presence of the less significant proximal ob- 
struction. Following removal of the distal 
obstruction of the valvular stenosis, however, 
the proximal obstruction due to the hyper- 
trophied outflow tract became manifest. The 
pressure tracing noted in these 2 patients post- 
operatively is considered to reflect obstruction 
to blood flow by the structures of the hyper- 
trophied outflow tract of the right ventricle, 
which developed as a result of the valvular 
stenosis. 

A true anatomic infundibular stenosis must 
of course be considered in some cases. However 
this does not appear to be the case in patient 
no. 21 in view of the continued fall in the right 
ventricle systolic pressure level attending the 
regression of the right ventricular hypertrophy. 


Postoperative Pulmonary Hypertension 


Slight to moderate pulmonary hypertension 
was encountered postoperatively in 6 patients 
(no. 8, 11, 12, in table 1; and 19, 23, and 25, in 
table 2), although the pulmonary artery pres- 
sures were normal preoperatively. Exercise 
resulted in an additional increase in the pulmo- 
nary artery pressure in patient no. 8 (to 64/29 
mm. Hg) and in patient no. 12 (to 59/43 mm. 
Hg). The pulmonary artery pressure during 
exercise Was not recorded postoperatively in 
the remaining 4 patients. In one additional pa- 
tient pulmonary hypertension was manifest 
only during exercise. 

The explanation for the development of the 
postoperative hypertension in these patients 
is not evident. It might be considered to reflect 
an increase in the pulmonary artery blood flow 
in the face of minimal structural changes in the 
pulmonary vessels. However, there is no 
definite evidence to support this supposition. 
The pulmonary artery blood flow at rest has 
not increased significantly in any of these pa- 
tients, and, as to the possibility of structural 
changes, no pulmonary biopsy specimens were 
obtained. 


Multiple thromboses with recanalizati: 
have been observed by Rich'® in the pulmona: 
vessels of patients with a tetralogy of Fallo 
Recently this subject has been reviewed | 
Dammann and Ferencz"” and it was found th 
the small pulmonary arteries in patients wi 
pulmonary stenosis were thin walled with wi: 
lumens and could not be distinguished fro 
those found in normal lungs. Lung sections « 
tained from patients of an older age groi 
however, frequently revealed pulmonary art: 
ies containing thrombi similar to those « 
scribed by Rich.'® These changes were thoug 
to be the results of polycythemia, hypoxia, ai 
inadequate pulmonary blood flow due to ti: 
pulmonary stenosis. However none of t! 
patients with postoperative pulmonary hyper 
tension was polycythemic; slight periphers 
arterial oxygen unsaturation was present 
only 3 (patients 19, 23, and 25, table 2), while 
the pulmonary arterial oxygen saturation 
varied between 52 and 72 per cent. Only the | 
patient (no. 6) with a normal resting pulmo- 
nary artery pressure and a rise above normal 
during exercise demonstrated a very low (38 
per cent) oxygen saturation of the pulmonary 
artery blood. Therefore it seems unlikely that 
the postoperative hypertension was the result 
of hypoxia. 

A definite explanation for this postoperative 
phenomenon must therefore await further in- 
vestigation. 


Evaluation of Surgical Therapy 


Patients with valvular pulmonary stenosis 
have been divided into 2 groups on the basis 
of the presence or absence of an associated de- 
fect in the atrial septum. 

We are satisfied at the present time that the 
procedure of choice in patients with an intact 
atrial septum is the direct approach to the 
stenotic valve through an incision in the pul- 
monary artery. However, in the patients in 
whom there is an associated defect in the atri:! 
septum, the surgical approach is not so e\ 
dent. In the patients with a left-to-right shu: 
through the defect, it is considered that tl 
atrial septal defect should be closed first, an ! 
the pulmonary stenosis should be relieved : 
the same operation if the condition of the p 
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tie :t permits. Should the condition of the pa- 
tie it not warrant it, then pulmonary valvulo- 
pl sty can be performed at a later date. 

(he reason for this sequence has been demon- 
st ated by the course of patient no. 24, in whom 
renoval of the pulmonary stenosis was fol- 
lo ved by increased left-to-right shunt and con- 
g stive failure. This patient slowly responded 
tc medical therapy and closure of the atrial 
septal defect was accomplished 6 months later. 
A: the present time her heart size has decreased 
tc normal and she is asymptomatic. 

Che problem of the surgical approach is dif- 
ferent in patients with a right-to-left shunt 
through the defect in the atrial septum. If the 
defect is small and due to a foramen ovale, 
closure may occur following surgery. The relief 
of the pulmonary stenosis and subsequent re- 
gression of the hypertrophy of the right ven- 
tricle will result in a decrease in the right atrial 
pressure. The re-establishment of the normal 
relationship between the right and left atrial 
pressures then might result in closure of the 
foramen ovale. This apparently has occurred in 
2 patients, (no. 17 and 21) in whom there has 
been a marked regression of the hypertrophy 
of the right ventricle, as reflected by the 
electrocardiogram and the complete or nearly 
complete obliteration of the right-to-left shunt. 
When the flow of blood is from right to left 
through the defect in the atrial septum, then 
it is considered that the stenosis of the pulmo- 
nary valve should be relieved first in contrast 
to the order of repair in patients with a left-to- 
right shunt. The indications for closing the de- 
fect in the atrial septum at the time of valvulo- 
plasty are not clearly established. At the 
present time it is our plan to open the right 
atrium following relief of the pulmonary 
stenosis, and if the defect in the atrial septum 
aypears to be of considerable size and if the 
patient’s condition permits, the defect will be 
c osed. However, should the defect feel small 
aid if there is considered to be a velum, such 
a to suggest dilatation of a foramen ovale, 
t! en further surgery will be postponed. 


SUMMARY 


Clinical and physiologic studies have been 
crried out in 25 patients following surgical 


correction of congenital valvular pulmonary 
stenosis. The patients were operated upon 
under conditions of hypothermia and circula- 
tory occlusion, permitting plastic repair of the 
stenotic pulmonary valve with unimpaired 
vision and a dry operative field. The results 
are considered to be superior to those obtained 
with the blind transventricular approach. The 
operative mortality certainly compares favor- 
ably with the transventricular approach. 
Auscultatory evidence of insufficiency of the 
pulmonary valve is occasionally noted; how- 
ever, it is emphasized that no valvular sub- 
stance has been excised in the last 35 patients. 
The first 3 patients, who have been previously 
reported,' have now been followed for a period 
of 31% years and there has been no clinical nor 
physiologic evidence that this minimal degree 
of pulmonary insufficiency is significant. 

The systolic pressure gradient between the 
right ventricle and the pulmonary artery has 
been completely abolished in 17 of the 25 
patients. A residual pressure gradient of more 
than 20 mm. Hg was present in 8 patients. 
Possible explanations for the residual pressure 
gradient are presented. 

Finally, the recording of pulmonary hyper- 
tension has been reported following relief of 
the pulmonary stenosis and explanations for 
this are considered. 


SUMMARIO 1N INTERLINGUA 


Studios clinic e physiologic ha essite execu- 
tate in 25 patientes post correction chirurgic 
de congenite stenosis del valvula pulmonar. 
Le operationes esseva effectuate sub condi- 
tiones de hypothermia e occlusion circulatori 
de maniera que le reparo del stenotic valvula 
pulmonar poteva facer se con visualisation 
complete in un non-inundate campo chirurgic. 
Le resultatos obtenite es considerate como 
superior a illos possibile per le occulte methodo 
transventricular. Isto es clarmente evidente 
ab un comparation del procentages de mortali- 
tate. Indicios auscultatori de insufficientia 
del valvula pulmonar es a vices a notar, sed 
le autores sublinea le facto que nulle excision 
de substantia valvular esseva effectuate in le 
ultime 35 patientes de lor serie. Le prime 3 pa- 
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tientes, reportate in un previe publication, 
ha nune essite sub observation post-operatori 
durante un periodo de 314 annos, e nulle indi- 
cation clinic o physiologic existe a suggerer 
que iste grado minimal de insufficientia pul- 
monar es significative. 

Le gradiente de pression systolic inter le 
ventriculo dextere e le arteria pulmonar esseva 
completemente abolite in 17 del 35 patientes. 
Un residuo de gradiente de plus que 20 mm Hg 
persisteva in 8 casos. Es presentate explica- 
tiones possibile del residue gradiente de 


pression. 

is reportate, finalmente, le registration de 
hypertension pulmonar post alleviamento del 
stenosis pulmonar. Explicationes es considerate. 
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Aging of Arteries in Relation to Hypertension 


By James Conway, M.D., Pxu.D., ANd K. Sxirtey Smitru, M.D., F.R.C.P. 


With a new clinical test for the assessment of the elastic quality of the arterial reservoir, evidence 
has been obtained suggesting that essential hypertension can be separated into 2 distinct clinical 
types. In one group the elevation of pressure appears to be the consequence of physiologic aging of 
arteries and in the other hypertension is imposed upon a normal elastic arterial system. Patients 
in the elastic group were younger and had a more severe type of hypertension than those in the 


inelastic group. 


re\HE most important changes in the arterial 

_ tree with age are loss of elasticity and the 
development of variable amounts of athero- 
scierosis. The former is the more characteristic 
and uniform change, and it is this aspect of 
aging that is to be considered here. The in- 
creasing rigidity of arteries is responsible for 
the increase in pulse pressure with age, a rela- 
tionship that was recorded in the earliest 
measurements of blood pressure in the popula- 
tion' and recently it has been studied more 
closely by Master, Marks, and Dack? and 
Russek and Zohman,* in America, and by 
Hamilton, Pickering, Roberts, and Sowry‘ in 
England. From the normal trend of a rising 
blood pressure with age, Pickering’ has made 
a strong plea for regarding essential hyperten- 
sion as an exaggerated manifestation of the 
normal aging process. This concept is vital to 
the understanding of the nature of hyperten- 
sive disease and it suggests that the causative 
mechanism should be sought in the population 
at large and not as an extrinsic morbid process. 

The objective of the present work is to 
obtain evidence to show whether hypertension 
is a natural accompaniment of the aging of 
arteries or whether it is caused by pressor 
mechanisms acting upon a normally elastic 
arterial system. Some additional data will also 
be provided concerning the possibilities that 
hypertension may lead to premature aging of 
aiteries or, by stretching, make them appear 
t« be more rigid than they normally are. 

A clinical method has been developed® by 
Wich it is possible to assess the elastic qual- 


From Charing Cross Hospital, London, England. 

For the development of the method used in this 
work one of us (J. C.) was given a Ciba Foundation 
A vard for research on aging in 1956. 


ities of the great vessels in man. The test 
depends upon changes in pulse pressure that 
occur when the diastolic pressure is reduced 
without significant changes in stroke volume. 
It has been assumed that this can be achieved 
for a limited number of heart beats immediately 
after the inhalation of amyl nitrite, when for a 
few cycles, the blood pressure falls without 
change in heart rate. Although this test is 
crude and indirect, we believe that it is capable 
of achieving the objectives of this work. 


MeEtTHODS AND MATERIAL 


The test was conducted with the subject lying su- 
pine upon a couch with enough support to the head 
for comfort. No premedication was given but all the 
patients were seen beforehand and told of the nature 
of the procedure. After infiltration of the skin over 
the brachial artery with 2 per cent procaine or 
lignocaine, a short-beveled needle (no. 25) was in- 
serted into the brachial artery, and connected by 
a short piece of polythene tubing (20 em. long with 
an internal bore of 0.5 or 1 mm.) to the condenser 
manometer. The natural frequency of the saline- 
filled manometer, connecting tubing and needle was 
approximately 20 cycles per second. The manometer 
was calibrated against known static pressures before 
use and checked at intervals during the investiga- 
tion. The needle was frequently flushed with hepari- 
nized saline to prevent the accumulation of blood 
clot at the tip of the needle. Records were made 
photographically with mirror galvanometers or with 
ink-writing oscillographs; for accuracy in the meas- 
urement of the pulse pressure the output from the 
amplifier was arranged to give the greatest possible 
deflection for each instrument while allowing an 
adequate margin for changes in pressure level. A 
time record was included and wherever possible the 
electrocardiogram and respiration were also re- 
corded. 

After the initial blood pressure had been recorded, 
a crushed phial or container of amy] nitrite was held 
under the subject’s nose for 1 or 2 breaths and the 
blood pressure record was continued to show the fall 
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and return of pressure to normal. In the measure- 
ment of pulse pressure trends, particular care was 
taken to compare equivalent beats with respect to 
heart rate and respiration before and after the onset 
of the depressor effect of amy] nitrite. The change in 
pulse pressure in the 3 heart beats immediately pre- 
ceding the onset of tachycardia has been expressed 
as a percentage of the simultaneous fall in diastolic 
pressure. 

In many subjects the test was repeated on more 
than 1 occasion at a single session and in 5 subjects 
the test was repeated on a second occasion. The test 
was also repeated in some subjects after the ad- 
ministration of hexamethonium dibromide (10 to 
30 mg. intravenously) or tetraethylammonium 
bromide (300 to 500 mg. intravenously). Since this 
ganglion blockade affected the initial level of blood 
pressure, comparisons between normal subjects and 
those with hypertension have been drawn from tests 
performed without hexamethonium. Changes in the 
response produced by ganglion blockade will be 
mentioned separately. 

The test has been performed on 16 normal young 
subjects and an unselected group of 52 patients ad- 
mitted to Charing Cross Hospital for the investiga- 
tion and treatment of hypertension. The admission 
of patients to the hospital and their care and investi- 
gation were under the control of several physicians 
attending the hospital. At the time that this work 
was being done they knew the nature of the tests 
being performed on their patients but nothing of the 
results and their possible practical application. The 
clinical data of these cases were therefore obtained 
entirely independently of the present work, and the 
group was representative of the types of patient with 
hypertensive disease referred to consultant physi- 
cians by general practitioners. A small number of 
patients were admitted to the hospital directly from 
the casualty department. At the time of the test no 
specific hypotensive treatment was being admin- 
istered. 

In recording the diagnoses of these patients, a 
renal cause had been presumed to be present if there 
was any evidence of renal disease, either in the past 
history or in the function tests. Hypertension ap- 
pearing in pregnancy was considered to be of renal 
origin. Patients with clinical evidence of heart fail- 
ure were excluded from this investigation. 


RESULTS 

Response of Normal Subjects 
The age of the normal subjects ranged from 
17 to 32 years, with an average of 24 years. 
Their average initial blood pressure was 124 
mm. Hg systolic, and 72 mm. Hg diastolic, with 
an average heart rate of 79 beats per minute 
(table 1). In the 50 tests performed on these sub- 
jects the average reduction in diastolic pressure 


TABLE 1.—IJnitial Blood Pressure of Normal Subj: ‘ts 
and Effect of Amyl Nitrite on Pulse Pressu 


Initial data 


Change in p se 
pressure a 
percentage f{ 

fall in diast ix 

pressur: 


Sex and age | 
(yr.) ic Rate 
|pressure| Pressure (beats/ 
He min.) 


M, 40 
F, 35 | 45 
M, | 45 
M, 50 
M, 
M, 

F, : 
M, 


es 


75 
50 
45 
40 
50 
30 
80 
60 
65 
55 
55 
45 


i Ee] 
RSa 


F, 
M, 
M, 
M, 
M, 
M, 
M, 


Senrteoonnwn 
aon oc ooo 


~J 
or 


Average 24 | 72 | 52 15 
(S.D.) (3.9) |(8.7) |(13.0) (18.8) 


* In 2 subjects there was an increase in pulse pres- 
sure as the diastolic pressure fell after amyl nitrite. 


before reflex tachycardia emerged was 11 mm. 
Hg and the concomitant fall in pulse pressure 
was only 15 per cent (S.D. 18.8) of the fall in 
diastolic pressure (fig. 1). 

Limits of the normal response were estab- 
lished from the data of these normal young 
subjects. The range given by twice the standard 
deviation would include 95 per cent of all obser- 
vations. The upper limit of the normality 
would therefore be 52.6 per cent, and for con- 
venience this was rounded off to 55 per cent. 
When the test was repeated after the adminis- 
tration of hexamethonium in 7 of these sub- 
jects, the level of diastolic pressure had fallen 
by 9 mm. Hg, but the change in pulse pressure 
was again quite small—20 per cent of thie 
change in diastolic pressure. 


Hypertensive Patients 


The level of blood pressure used in this study 
has been the one found by direct arteri | 
puncture at the time of the test. It was appre: 
ated that patients could not be considered to t 
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Fig. 1. Effect of amyl nitrite on the blood pressure, before and after hexamethonium, in a normal 
young subject (male, 24 years old). A time-tracing at 1 per second was run with the electrocardio- 
gram. Gaps in the pressure record occurred as the needle in the brachial artery was being flushed 
through with heparinized saline. 7' indicated the onset of reflex tachycardia. The approximate time 
of inhalation of amyl nitrite was indicated by a signal below the pressure tracing. In this record small 
sections of tracing at a faster paper-speed have been inserted to illustrate the effect of amy] nitrite 
on the contour of the pulse wave. At the faster paper speed the timing lines are those of the con- 


ventional electrocardiogram. 


“at rest”? in the atmosphere of the laboratory, 
but in only 10 patients did the heart rate 
exceed 100 beats per minute and the direct 
readings of the blood pressure were nearly 
always lower than those recorded by indirect 
means in the wards. 

It so happened that in this group of hyper- 
tensive patients there were 15 who were clearly 
suffering from systolic or arteriosclerotic hyper- 
tension, the diastolic pressure being 100 mm. 
Iig or less and the pulse pressure equal to or 
exceeding the diastolic pressure. With evidence 
of extensive arteriosclerosis they formed a 

seful group for the investigation of the the- 
retical basis of the test. 

Arteriosclerotic Hypertensive Patients. The 
: verage age of these patients was 61 years, 
ind the average pressures were 208 mm. Hg 
-ystolic and 93 mm. Hg diastolic. The heart 
i ite averaged 76 beats per minute (table 2). 

1 30 tests performed on this group the average 
: duction in pulse pressure before tachycardia 


appeared was 116 per cent (S.D. 29.1) of the 
fall in diastolic pressure. =~ 

The range of this response, given by twice 
the standard deviation gave a lower limit for 
the change in pulse pressure of 58 per cent of 
the fall in diastolic pressure. Thus there was 
practically no overlap in the distribution of the 
observations in normal subjects and patients 
with marked clinical arteriosclerosis; the statis- 
tical significance of this difference was of course 
very high (t = 12, p < 0.001). Hexamethonium, 
which was given to 8 patients in this group, 
produced an average reduction in diastolic 
pressure of 30 mm. Hg. Repetition of the test 
at this lower level of pressure gave an average 
fall in pulse pressure of 124 per cent. 

It seemed, therefore, that the theoretical 
basis of the test was upheld in practice and the 
remaining 37 patients, in whom clinical obser- 
vation could not indicate the state of the main 
arteries, have been grouped according to their 
responses to the elasticity test. 
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TaBLE 2.—Initial Blood Pressure of Patients 
with Arteriosclerotic Hypertension, and Effect of 


Amyl Nitrite on Pulse Pressure 


Initial data 


Change in pulse 


. . essure as a 
Sex i age Dias- Bibs 
on oon age tolic | Pulse Rate percentage of 
== ts pressure svete fall in diastolic 
pressure (beats 
; : pressure 
mm. He min.) 
Hg s 









100 100 60 118 

F, 47 100 120 78 143 

F, 68 100 150 90 110 

F, 51 100 135 60 128 

M, 56 100 | 120 80 88 

F, 60 95 105 98 122 

F, 68 95 120 72 99 

F, 56 90 90 100 86 

F, 60 90 150 70 129 

F, 63 85 120 60 135 

M, 65 90 105 64 75 

F, 63 80 95 70 164 

F, 64 85 135 76 77 

F, 58 100 100 SO 107 

F, 61 85 85 80 162 
Average 61 93 115 76 116 
(S.D.) (6.7) |(7.0) | (20.5) (29.1) 


Elastic Group of Hypertensive Patients. This 
group contained 20 patients in whom the re- 
sponse to the test was within the limits for the 
young normal subjects, and it was therefore 
believed that they had normally elastic arteries. 
The average age of these patients was 47 years, 
while the pressure averaged 226 mm. Hg, sys- 
tolic and 130 mm. Hg diastolic. The average 
heart rate was 86 beats per minute (table 3). 
Thirty-three tests were performed on patients 
in this group, with an average reduction in 
pulse pressure of 28 per cent (S.D. 19.1) of the 
fall in diastolic pressure. This was 13 per cent 
greater than the average response of the normal 
young subjects and the difference was sig- 
nificant at the 1 in 20 level (t = 2.05). 

Hexamethonium was given to 10 patients in 
this group. It produced an average reduction of 
diastolic pressure by 29 mm. Hg. Repetition 
of the test thereafter gave an average reduction 
in pulse pressure of 41 per cent (S.D. 19.7) of 
the fall in diastolic pressure. This increase in 
the response was largely due to 1 patient and 
the difference between the average responses 
to the test before and after hexamethonium 
was not significant (t = 1.8, p < 0.1 > 0.05). 
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TABLE 3.—Initial Blood Pressure of Patients wi 
the ‘Elastic’? Type of Hypertension, and Effect . 
Amyl Nitrite on Pulse Pressure 


Initial data 


Change in pul 


Sex and age Dias- Pul pressure as a 
: ulse ercentage of 
(yr.) tolic cununel ate oni aie 0 
pressure = (beats all in ¢ lastol 
mm. He min.) pressure 
Hg 











150 60 61 
F, 58 150 90 76 25 
M, 49 130 75 68 37 
M, 58 170 100 118 0 
M, 47 150 | 120 86 23 
F, 49 140 110 80 18* 
M, 38 115 70 S4 33 
M, 49 110 110 80 38 
F, 34 150 140 105 0 
F, 39 140 70 90 52 
F, 59 150 135 100 49 
M, 34 110 75 66 20 
F, 26 140 85 100 34 
M, 52 140 105 92 19 
M, 45 140-140 104 3° 
F, 38 110 65 80 53 
M, 35 100 80 85 31 
F, 59 95 95 75 55 
M, 52 115 | 110 86 28 
F, 60 100 80 90 52 
Average 47 130 96 S6 28 
(S.D.) (9.9) | (21.5)! (24.9) (19.1) 


*In 2 patients there was an increase in pulse 
pressure as the diastolic pressure fell after amy! 
nitrite. 


Inelastic Group of Hypertensive Patients. The 
remaining 17 patients with hypertension 
showed a considerable reduction in pulse pres- 
sure after amyl nitrite. They were therefore 
believed to have inelastic arteries. Their 
average age was 56 years. The systolic pressure 
averaged 234 mm. Hg and the diastolic pres- 
sure 113 mm. Hg, the heart rate being 84 beats 
per minute (table 4). In 25 tests performed on 
these patients, the average reduction in dias- 
tolic pressure was 96 per cent (S.D. 30.3) of 
the simultaneous fall in diastolic pressure. 

Hexamethonium was given to 5 patients i 
this group reducing the diastolic pressure b) 
24 mm. Hg and thereby also reducing th: 
average change in pulse pressure after am) 
nitrite to 74 per cent of the fall in diastoli 
pressure. The numbers of patients tested 1) 
this way was too small to enable firm conclu 
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BLE 4.—Initial Blood Pressure of Patients with 
the ‘Inelastic’? Type of Hypertension, and Effect of 
An | Nitrite on Pulse Pressure 


Initial data 
Change in pulse 
pressure as a 
Pulse percentage of 
nr Rate ae : 
pressure fall in diastolic 
m pressure 


Sex and age Dias- 
yr.) tolic 
pressure (beats 
mm. ~ | ee) 
Hz Hg 
g 


115 105 68 71 
120 100 114 73 
115 65 92 71 
105 105 92 112 
115 125 70 100 
130 140 68 75 
120 130 120 61 
100 95 78 64 
130 130 64 125 
110 105 78 93 
105 115 68 66 
105 95 108 127 
110 110 74 127 
120 155 110 93 
105 185 60 157 
110 120 64 108 
110 175 | 105 111 


Average 56 113 121 84 96 
(S.D.) (6.5) |(8.6) | (30.2) (30.3) 


sions to be drawn from this trend but it was 
of particular interest that in 3 of 5 patients 
tested the reduction in diastolic pressure con- 
verted the “inelastic” type of response to the 
“elastic” or normal type. This was of consider- 
able theoretical importance. This reversion to 
normality was not seen in any patients in the 
arteriosclerotic group after reducing the blood 
pressure with hexamethonium. 

Characteristics of the Different Types of 
Hypertension. The difference of 68 per cent in 
the response to the test between the elastic 


and inelastic groups of patients was highly 
significant (t = 8.3, p < 0.001) but the differ- 
ence between the inelastic group of hyperten- 
sive and the arteriosclerotic patients was not 
significant (t = 2.0, p < 0.1 > 0.05) (table 5). 
Similarities were evident between the inelastic 
and arteriosclerotic groups in other respects. 
They were of similar age (t = 1.4, p > 0.1) 
and although the initial diastolic pressure was 
higher in the patients of the inelastic group 
(t = 7.1, p < 0.001) the amplitude of pulse 
pressure was approximately the same (t = 
0.64, p > 0.10) in the 2 groups. 

In contrast, the differences between the 
inelastic and elastic groups were very striking. 
The patients of the elastic group were signifi- 
cantly younger than those of the inelastic 
group by an average of 9 years (t = 3.3, p < 
0.01) and the initial pulse pressure was signifi- 
cantly smaller in the elastic group (t = 2.8, 
p < 0.01). The smaller pulse pressure was 
found in the elastic group in spite of a higher 
initial diastolic pressure; 130 mm. Hg as 
opposed to 113 mm. Hg in the inelastic group 
(t = 3.0, p < 0.01). Considerable importance 
has been attached to this evidence of a greater 
severity of the hypertension in the elastic 
group of patients. 

These results strongly supported our belief 
that this test had successfully assessed the 
elastic quality of the arterial reservoir. The 
clinical characteristics of these patients sug- 
gested further that hypertension in those of 
the elastic group was fundamentally different 
from the condition in the inelastic group. Of 
the 20 patients of the elastic group there was 
an unusually large number of patients, 7, with 
renal hypertension (table 6) and of the 13 
patients considered to have essential hyper- 


TaBLeE 5.—Clinical Data of Normal and Hypertensive Subjects and Effect of Amyl Nitrite 
on Pulse Pressure 


Average initial blood pressure 


| Average age, 


Subjects (no.) ueare (a 


mm. 


Hg | 


Sys- 
tolic | 


Average change in 
Average pulse pressure as a 
oes . sa initial rate percentage of the 
——— ee (beats/min. ) reduction in diastolic 
(S.D 7 (S.D.) pressure (S.D.) 


Normal (16)... eee eee: 24 (3.9) 1244; 72 (8. 52 ¢ 15% (18.8) 
lastic’’? hypertensive (20)........| 47 (9.9) | 226 | 1380 (21. 96 (24.9) 86 28% (19.1) 
nelastic’? hypertensive (17). 56 (5.5) | 234] 113 (8 121 (30.2) ; 96% (30.3) 

A teriosclerotic hypertensive (15)..| 61 (6.7) | 208 | 938 115 (20.5) 116% (29.1) 




























































































































































































































































TaBLe 6.—Further Clinical Characteristics of 
the Patients with Hypertension Grouped According 
to their Response in the Elasticity Test 


Main diagnosis Secondary 


type of hypertension diagnosis 
; —_ Essential Renal | = 
Sex weight = 
(Ibs.) S S lp 9 
sialsia|ss| 
= a < - oO © 
Elastic 11M | 156 | 9 $ 7 0 1 
(20) 9F 
Inelastic*| 7M | 141 | 10) 2) 3 ] 2 |Diabe- 
(17) 10F tes 2 
Arterio- 3M | 145) 14 l 0. 0} 6 \Diabe- 
sclerotic 12F tes 2 
(15) | 


* One with Cushing’s disease. 


tension, 4 were in the malignant phase. Two of 
the patients with essential hypertension were 
treated by sympathectomy and in these the 
results of renal biopsy and histologic examina- 
tion of the ganglionic tissue were consistent 
with the diagnosis of essential hypertension. 
One patient in this group had coronary heart 
disease. 

In the inelastic group there were 4 patients 
with renal hypertension and 12 with essential 
hypertension; one had Cushing’s disease. One 
of the patients with renal hypertension and 2 
with essential hypertension were in the malig- 
nant phase. There were 2 instances of coronary 
heart disease in this group and 2 of diabetes. 

All the patients of the arteriosclerotic group 
were considered clinically to have essential 
hypertension. The cause of the differences be- 
tween the direct and indirect blood pressure 
measurement was not ascertained and is to be 
investigated later. One case in this group was 
in the malignant phase of essential hyperten- 
sion, 6 suffered with coronary heart disease, 
and 2 with diabetes. 

DiscUssION 

The responses to the test of the normal 
subjects and patients with arteriosclerotic 
hypertension, though they showed a wide 
individual scatter, strongly supported the 
theoretical basis of the test, which was further 
confirmed by the clinical characteristics of the 
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patients classified into ‘‘elastic’”’ and ‘‘inelasti.” 
groups according to the test. The patients of t 
inelastic group were significantly older and hd 
a higher pulse pressure than those of the elas jc 
group. The clinical differences were so great is 
to suggest that these 2 groups of patients mig’ t 
in fact, be suffering from different hypertens -e 
diseases. This possibility appears even m: re 
likely if their initial diastolic blood pressu os 
are considered against the normal trend of 
blood pressure for age and sex in the popu a 
tion at large. From the data of Hamilt«n 
Pickering, Roberts and Sowry! the mean di 
tolic pressure for age and sex has been obtain d 
and the upper limit of normality has been tak on 
as twice the standard deviation of their obs«r- 
vations for each age group. In all but 2 of tie 
patients in the ‘elastic’ group the initial di:s- 
tolic pressure (fig. 2) was found to exceed the 
limit of the normal range of pressure for the 
age, and in the majority it exceeded the nor- 
mal for any age. We infer that in this group a 
severe form of hypertension was being imposed 
upon a normal arterial tree. There were in- 
deed an unusually large number of patients 
with renal hypertension in this group, 7 out 
of 20. In the absence of any definite cause for 
the elevation of blood pressure the remaining 
13 patients were believed to have essential 
hypertension and in 2 of these histologic confir- 
mation of this diagnosis was obtained. The 
association between hypertension and arteries 
of normal elasticity was first reported by 
Steele? in a group of 17 hypertensive patients 
without evidence of arteriosclerosis, and it is 
especially interesting to note that all but 3 of 
his patients were below 50 years of age. 

In patients of the inelastic group the initial 
diastolic blood pressure was within the upper 
region of normality with the exception of 6 
patients in whom the diastolic pressure was 
just above the normal limit (fig. 3). Hyperten 
sion in some of the patients could therefore, a+ 
suggested by Hamilton, Pickering, Roberts 
and Sowry,' be the result of the physiologi 
process of aging in arteries. Rigidity of arteri« 
alone would not raise diastolic pressure an: 
some unknown process must be responsible f« 
an increase in peripheral resistance with age. 

Hexamethonium, which lowered the bloo 
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FEMALE 


MEAN. 


MALE. 


@ MALE 
@ FEMALE 


125 235 325 425 S25 625 
AGE — YEARS. 

Fic. 2. The diastolic pressure (ordinate) of the 
elastie group of hypertensive patients in relation to 
the normal level of pressure in the general population. 
The mean level of diastolic pressure for age and sex 
and the upper limit of normality, given by twice the 
standard deviation of the observations for each age 
group in the population, are from the data of Hamil- 
ton, Pickering, Roberts, and Sowry.* 


pressure, provided some subsidiary information 
concerning the relationship between hyperten- 
sion and loss of elasticity, but the conclusions 
drawn from this part of the work are tentative, 
since the numbers of tests were small. Reducing 
the blood pressure in the patients with arterio- 
sclerotic hypertension had no effect on the type 
o! response to the test, suggesting that the 
sclerotic process was very advanced and 
a‘fected the vessels at all levels of tension. In 
the inelastic group on the other hand reducing 
tie blood pressure converted the response from 
tie inelastic to the elastic type in 3 of the 5 
}:itients studied. This suggested that the scle- 
r tie process was less extensive in these sub- 
j-cts and that the arteries would behave as 
¢ astic vessels at lower levels of tension. 
There also appeared to be some indication 


FEMALE 


MEAN. 


MALE. 


® MALE 
@ FEMALE 


235 325 425 $25 62s 72s 62s 
AGE - YEARS. 

Fic. 3. The diastolic pressure (ordinate) of the 
inelastic group of hypertensive patients in relation to 
the normal level of pressure in the general population. 
(Mean and upper limits of normality as in figure 2.) 


that hypertension could lead to aging of ar- 
teries. There were 4 patients with renal hyper- 
tension in the inelastic group, and 2 of these 
had an extremely long history of renal disease. 

In conclusion, therefore, we consider that 
there is a strong case for regarding the elastic 
and inelastic types of hypertension as being 
distinct and separate diseases. The relative 
frequency of these 2 types of hypertensive 
patient in the general population is unknown 
but in our unselected group of patients referred 
to hospital for hypertension, there were, after 
eliminating cases of renal hypertension, equal 
numbers of the elastic and inelastic types. With 
some patients of the inelastic group the reser- 
vation must be made that loss of elasticity of 
the large arteries might have been the result 
of hypertension and not its cause. Our results 
therefore support the concept that aging of 
arteries could cause hypertension in some 
patients, and they suggest that the frequency 
of the elastic type of hypertension in the gen- 

















































































































































































































834 


eral population would probably contribute to 
some distortion of the distribution curves of 
blood pressure for age. Since the level of pres- 
sure was so high in the patients of the elastic 
group, this type of hypertension would be un- 
likely to give a bimodal distribution curve but 
it could account for the positive skewness seen 
in the distribution curves of Hamilton, Picker- 
ing, Roberts, and Sowry,' and also of Master, 
Marks, and Dack.* 

The difference in age and in severity of 
hypertension between the elastic and inelastic 
groups suggests that the separation of hyper- 
tension into these functional types may be of 
considerable clinical value and it offers some 
prospect of discerning the true nature of the 
disorder. 


SUMMARY 


A clinical method has been devised for the 
qualitative assessment of the elastic properties 
of the arterial reservoir. The method depends 
upon changes in pulse pressure that occur after 
the inhalation of amyl nitrite as the blood 
pressure falls without change in heart rate. 

The test has been applied to 16 normal young 
subjects and 52 patients with hypertension. In 
the normal subjects little change in pulse pres- 
sure accompanied the fall in diastolic pressure 
after amyl nitrite—15 per cent of the fall in 
diastolic pressure. 

In the hypertensive group there were 15 
patients with systolic or arteriosclerotic hyper- 
tension. In these patients the reduction in 
pulse pressure after amyl nitrite was 116 per 
cent of the simultaneous fall in diastolic pres- 
sure. The remaining patients with hypertension 
were grouped according to their responses to 
the elasticity test. In 20 patients the response 
was within the normal limits, and the average 
fall in pulse pressure was 28 per cent of the fall 
in diastolic pressure—these patients were 
believed to have normally elastic arteries. In 
17 patients the fall in pulse pressure was 96 
per cent of the fall in diastolic pressure and it 
did not differ significantly from the response of 
the arteriosclerotic patients. They were there- 
fore believed to have inelastic arteries. 

Clinical differences between the elastic and 
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inelastic groups strongly suggested that the 
patients were in fact suffering from differe:t 
diseases. The patients of the elastic group wee 
younger and had a higher initial diastolic blo..d 
pressure than the patients of the inelas‘'¢ 
group. 


SUMMARIO IN INTERLINGUA 


Ksseva disveloppate un methodo pro 
evalutation qualitative del proprietates elas: \c 
del reservoir arterial. Le methodo se basa sup -r 
le observation de alterationes del pressiv 
pulsatile que oecurre post le inhalation « 
nitrato de amyl quando le pression de sangui: « 
es reducite sin alteration in le velocitate d» 
corde. 


tL 


Le test esseva usate in 16 normal subject: 
de juvene etates e in 52 patientes con hyper- 
tension. In le subjectos normal, il occurreva 
pauc alteration del pression pulsatile quando !« 
pression diastolic descendeva sub le effecto de 
nitrato de amyl: un reduction amontante a non 
plus que 15 pro cento del reduction del pression 
diastolic. 

In le gruppo de hypertensivos il habeva 15 
patientes con hypertension systolic o arterio- 
sclerotic. In iste patientes le reduction del 
pression pulsatile post le inhalation de nitrato 
de amyl amontava a 116 pro cento del simul- 
tanee reduction del pression diastolic. Le resto 
del patientes con hypertension esseva dividite 
in gruppos secundo lor responsas al test de 
elasticitate. In 20 patientes le responsa esseva 
intra limites normal. Le reduction medie de! 
pression pulsatile amontava a 28 pro cento de! 
reduction del pression diastolic. Iste patientes 
esseva considerate como possedente arterias a 
elasticitate normal. In 17 patientes le reduction 
del pression pulsatile amontava a 96 pro cento 
del reduction del pression diastolic, i.e. le 
responsa in iste casos non differeva significa 
tivemente ab le responsa in le patientes arterio 


sclerotic. Iste gruppo esseva considerate como 


possedente arterias inelastic. 
Differentias clinic inter le gruppo elastic e le 


gruppo inelastic suggereva fortemente que ist 


patientes suffreva de facto con different 
morbos. Le patientes del gruppo elastic essev: 
plus juvene e habeva plus alte pressione 
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Sprofkin, B. E., and Blakey, H. H.: Acute Spontaneous Cerebral Vascular Accidents in Young 
Normotensive Adults. Arch. Int. Med. 98: 617 (Nov.), 1956. 


Eighteen selected cases of acute spontaneous cerebral vascular accidents in young normotensive 
adults were reviewed. The diagnoses and subjects for discussion included disseminated lupus 
erythematosus, scleroderma, thromboangiitis obliterans, thrombotic thrombocytopenic purpura, 
fibrinogenopenia of pregnancy, postmeasles hemiplegia, subacute bacterial endocarditis, angi- 
omatous malformation, postpartal cerebral venous thrombosis, spontaneous subcortical hematoma, 
and syphilis, as well as cerebral thrombosis of unknown cause. It was suggested that the precipi- 
tous decline in incidence of all forms of syphilis during the penicillin era had minimized the etio- 
logic importance of syphilis with regard to cerebrovascular accidents in the younger age groups. 
The phenomenon of biologie false-positive serologic tests was discussed as a probable cause of a 
mistaken diagnosis of vascular syphilis. The frequency of thrombosis of the carotid arteries in 
young normotensive adults was emphasized. It was concluded that premature arteriosclerotic 
vascular changes constituted the most important pathogenetic factor in the etiology of sponta- 
neous cerebral vascular accidents in young normotensive adults. 
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Circulatory Studies in Wernicke’s Encephalopathy 


With Special Reference to the Occurrence of a State of High Cardia 
Output and Postural Hypotension 


By Micuarei A, GRAVALLESE, Jr., M.D., AaNp Maurice Vicror, M.D. 


Although Wernicke’s disease is clearly related to thiamine deficiency, it is rarely accompanied by 
the overt signs of congestive failure. There are symptoms of disordered cardiovascular function 
in many patients with this disease, but the relation of these symptoms to thiamine deficiency has 
remained undefined. In the present study, an attempt is made to define these symptoms, particu- 
larly in relation to specific treatment with thiamine. Part 1 of this study is concerned mainly 
with the determination of the cardiac output in 7 patients, as determined by the Evans blue dye- 
dilution technic; part 2 describes the postural response to tilting in 12 patients. 


EK RNICKE’S encephalopathy is an acute 

neurologic disorder characterized by 
ocular paralyses, nystagmus, ataxia, and 
mental disorder. In this country the syndrome 
is encountered almost exclusively in patients 
with chronic alcoholism; however, it is gen- 
erally agreed that the role of alcohol is second- 
ary and that the primary cause is a nutritional 
deficiency, specifically of thiamine.! 

Despite the fact that the Wernicke syndrome 
is so clearly related to thiamine deficiency, it is 
rarely accompanied by overt signs of congestive 
heart failure. In a series of 86 patients with 
Wernicke’s encephalopathy, only 1 manifested 
the advanced signs of beriberi heart disease.2 
Nevertheless, there were indications of dis- 
ordered cardiovascular function in many of 
these patients. The history may have dis- 
closed complaints such as postural “dizziness” 
or fainting, and on examination, tachycardia 
and minor electrocardiographic abnormalities 
were frequent findings. Some patients showed 
dyspnea on slight exertion, and a few died 
suddenly, the mode of death suggesting 
“cardiovascular collapse.” 

Little attention has been paid to the cardiac 
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abnormalities of Wernicke’s disease, and tlie 
relation of these abnormalities to thiamine 
deficiency has remained undefined. It | w:s 
thought worthwhile, therefore, to study sonie 
aspects of cardiovascular function in such 
patients, particularly in relation to specific 
treatment with thiamine. 


MATERIALS AND METHODS 


For the sake of convenience this paper is divided 
into 2 parts. Part 1 is concerned mainly with the 
determination of cardiac output (table 1) and part 
2 with the postural response to tilting (table 2). 

Part 1. Seven patients with acute Wernicke’s 
encephalopathy, ranging in age from 33 to 65 years, 
were studied. Six of these were men. None of the 
patients studied had fever or signs of congestive 
failure. Only patients who had definite ophthalmo- 
plegia and had received no food after admission to 
the hospital were included in the study. With 1 ex- 
ception (AN), all the patients had the characteristic 
mental symptoms. Chronic alcoholism, dietary de- 
ficiency, and loss of weight and of muscle bulk were 
common to the entire group. One patient (JC) had 
Laennec’s cirrhosis with edema and ascites, and 5 
others had an enlarged liver or abnormal “liver 
function” tests. In 4 patients the tongue was red and 
atrophic. In 6 patients the knee and ankle jerks 
were depressed or absent, but there were no other 
signs of peripheral neuropathy. All the patients 
showed an ataxia of stance and gait, however, 
probably on a cerebellar basis. At the time the p: 
tients came under observation none showed signs o! 
inebriation or the psychomotor signs of abstinen 
from alcohol. 

An evaluation of the cardiovascular state w: 
made before each study in all patients by clinic: 
examination, fluoroscopy, estimation of venot 
pressure, and serial electrocardiographic tracing 
X-rays of the chest were obtained periodically. 
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‘ardiac output was determined by the Evans blue 
dilution technic utilizing a photoelectric 
isimeter, as described elsewhere.? Oxygen con- 
nption was measured by a 3-minute collection of 
jired air in a Douglas bag, the partial pressure of 
vgen being measured in a Pauling Oxygen Ana- 
er. Standard R. Q. corrections were used in 
culation.4 Phasic and mean arterial pressures 
re measured directly by means of a Sanborn 
ctromanometer. All these determinations were 

, rformed in duplicate in most instances. Peripheral 
scular resistance was calculated according to the 
lowing formula®: 


ean arterial pressure mm. Hg X 1332 
Cardiae output ml./sec. 


= Resistance in dynes seconds em.~® 


Blood pyruvic acid in cases 2 to 5 (table 1) was 
measured by the method of Friedemann and 
Haugen,® and blood lactic acid by the method of 
Barker and Summerson.’ Normal values for fasting 
blood pyruvie acid concentrations ranged from 0.8 
to 1.6 mg. per 100 ml. (average 1.3); for fasting 
lactic acid concentrations the normal values ranged 
from 4.7 to 12 mg. per 100 ml. of blood, (average 
6.4). Cases 6 and 7 (table 1) were studied jointly 
with Dr. Mark D. Altschule, McLean Hospital, 
Waverley, Mass. Blood pyruvate and lactate in 
these 2 patients were determined in his laboratory 
by the methods of Seligson and Shapiro® and of 
Sarker and Summerson’ respectively. Normal 
values for pyruvic acid ranged from 0.52 to 1.32 
mg. per 100 ml. (average 0.92); values for lactic 
acid ranged from 2.75 to 11.6 mg. per 100 ml. 
(average 7.4). 

The original studies in each case were made after 
a control period of 1 to 3 days, during which time 
the patient was at rest in bed and had received an 
unfortified rice diet* as the only source of nutrition. 
This diet supplied the patient with about 2,000 
calories daily, but was deficient in all the B vita- 
mins. All tests, including the estimation of blood 
pyruvate and lactate, were done in the morning 
with the patients at rest and in a fasting state for at 
least 12 hours. Two patients were restudied 1 to 114% 
hours after they had received thiamine _intra- 
venously in a dose of 100 mg. Six patients were re- 
-tudied 4 to 6 days after the rice diet had been 


* This diet is the one used by Dr. Walter Kempner 
{ Duke University. It consists of rice, fruit, fruit 
ices, sugar and honey, and contains the following 
itrients: 


alories 2001 Tron 8 mg. 
rotein 12 Gm. Vitamin A 2,200 i.u. 
at 1 Gm. Ascorbic acid 115 mg. 
arbohydrate 486 Gm. Thiamine 0.4 mg. 
alcium 0.2 Gm. Riboflavin 0.3 mg. 
hosphorus 0.4 Gm. Niacin 5 mg. 


supplemented by 50 mg. of intramuscular thiamine 
daily. 

Part 2. Postural studies were performed on 12 
patients with Wernicke’s encephalopathy at vary- 
ing intervals in relation to treatment with thiamine 
(table 2). The criteria for selection of patients were 
the same as in part 1 of this study. The subjects 
consisted of 9 men and 3 women, ranging in age 
from 31 to 70 years; 10 of these were between 42 
and 65 years. Six of the patients also served as sub- 
jects for part 1 of this study. Cardiac output studies 
were attempted but were unsuccessful in 4 of the 
remaining 6 patients. 

Each subject was tested according to the follow- 
ing routine: At zero time the patient was placed in 
a supine position on a manually operated fluoroscopic 
table provided with a footboard and a loose leather 
restraining belt placed at chest level. Blood pressure 
was measured at approximately heart level with a 
standard cuff sphygmomanometer; the reading at 
which there was complete disappearance of sounds 
was taken as the diastolic pressure. Pulse rate was 
determined by palpation or auscultation. Control 
readings were made at 5-minute intervals during the 
first 15 minutes, and thereafter at 1-minute inter- 
vals. At 20 minutes the subject was tilted rapidly to 
70° and the tilted position maintained for 5 minutes 
(occasionally from 10 to 30 min.). One-minute read- 
ings were continued throughout tilting and after 
return to the horizontal position until control levels 
were reestablished. Control readings of the systolic 
and diastolic pressures and of pulse rate were the 
average of the 3 stable readings just prior to tilting. 
During the tilt the patient was observed for evi- 
dence of pallor, sweating, and ‘hyperactivity, and he 
was asked to report sensations of nausea, dizziness, 
faintness, or weakness. 

Arbitrarily, a fall from control levels of 40 mm. 
Hg in systolic pressure, 30 mm. Hg diastolic, or a 
reduction in pulse pressure to 10 mm. Hg or less 
was considered to constitute an abnormal cardio- 
vascular response to tilting. 

Subjects who were tested in this way before the 
administration of thiamine had been kept strictly in 
bed; mobilization was variable during the subse- 
quent course of treatment and testing. 


RESULTS 


Clinically, none of our patients showed signs 
of congestive failure and in none was there an 
elevation of the venous pressure. One patient 
(JC) with advanced cirrhosis and ascites had 
x-ray evidence of right hydrothorax and ‘‘pos- 
sible cardiac enlargement.”” No other case 
showed cardiomegaly and in most cases the 
heart was described as normal or small in size. 
The electrocardiograms were either normal or 
showed minor nonspecific changes (table 1). In 
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TaBLe 1.—Circulatory Studies in Seven Patients with Wernicke’s Disease 


Patient, age, 


State . S- BP (mean) 
and sex tate < = P(mea 


Os cons. 


~ 
z 


1. JC,33,F | Untreated (1.64 y 4) 5. ‘ 25/75 (97) 830/154 


1 hr. after B,)1.64 .8| 4.8 | 2s (95) 964/154 | - ‘ — 
2. MS,57,M Untreated 1.67 63 /1. , 3 |125/ (90) 3073/142 |2.1) 9.3 | 40 |2% Borderline Q-' 


1'o hr. after 1.67 2 (2.8) 2.8 | 23 |150/80 (105) |1794/145 
B, 
6 days Bi .9| 2. / (78) 1746 126 


3. JK,65,M Untreated A 5.4] 6.5 | ¢ 507; — |2.7| 8.3 | 39 | § ?Wolff-Parkin 
j son-White sy 1i- 
drome 
5 days B, A 3.3] 3.0 | 22 |130 85 1167/150 1.5, 5.2 | 38 16 | S-T improvement 


. EK,42,M) Untreated 6 3.4) 6.5 | 35 1140/75 (95 730,167 3.0. 8. 3 .5| Borderline S-T’s 
5 days B, f 4, 4 165/95 (130) |1638)172 1.6) 8.8 | 38 No change 
36 days B,; 1.48) 125 5. .3 | 29 180/115 (135) |1376)176 - 43 1: Minor changes 


Same, exer- 1.48 -| 6.§ 7 200/130 (150) (11741505 
cise 
5. AN 43,M) Untreated .63) 90 |3.9) 3.9 | 27 |125/80 (100) |1258)167 |2. ; 38 |12.5| Borderline Q-T, 
T’s 
4 days B,; .62; 87 |3.4! 4. 28 125/85 (100) 1233)145 |1. ; 3é }.5| Minor improve 
; ment T’s 
7 days By ‘ ‘ ‘ 29 (155/105 (125) |1376)147 | — - ‘ ) — 
>. WB,52,M Untreated J ‘ 8 | 3 95/60 (73) 675 134 5.5 Borderline Q-T 
Same, exer- 1. - a 9 110/70 (90) 555 239 ; -— 
cise 
5 days Bi : Si 29 (155/70 (98) 1475)115 |1.9|10.2 | ¢ Normal 
29 days B, ; ) 3. 130/70 (90) 1339|142 |—| — .5| Normal 
7. HC,65,M, Untreated : .8 | 12 |125/68 (80)  (2138)128 |3.4/19.0 Borderline Q-T, 
nonspecific ab- 
} normality 
5 days B, 1.66 52 |1.9| 1.9 | 22 |110/55 (70) 5| — |(3.017.5 | 36 15 | Ischemia pattern 


All determinations done at rest except where specified ‘‘exercise.’’? BSA = body surface area in 
square meters. CI = cardiac index in L./min./M.? SI = stroke output in ml./beat/M.? O2 cons. = 
oxygen consumption in ml./min./M.? at standard temperature and pressure. Pyruvate and lactate 
values given in mg./100 ml. Het. = hematocrit in per cent. Appearance time = time in seconds 
from injection of dye into antecubital vein until initial deflection of dye curve as recorded on densi- 
meter. PVR = peripheral vascular resistance in dynes seconds em.—* 


none of our patients was a high output state thiamine. The mean value was 4.37 + 2.1! 
suspected on clinical grounds. L./min./M.?, with a wide range of 1.4 to 6.5 L. 
Normal values in this laboratory in a series of 7 
convalescent hospital patients were 3.53 =+ 
0.88 L./min./M.? The difference in this sma'l 
Cardiac Index and Peripheral Vascular Re- series is not statistically significant. Howeve:, 
sistance Prior to Treatment. Cardiac index was of the Wernicke’s encephalopathy patients, ! 
measured in 7 subjects prior to treatment with were above and 2 below the “normal” mean - 


Part 1. Circulatory Studies in 7 Patients with 
Wernicke’s Disease (table 1). 
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| -tandard deviation (fig. 1). All the patients 
wi h an elevated cardiac index exhibited a low 
ca ‘ulated peripheral vascular resistance and, 
in general, both a resting tachycardia and an 
avuzmented stroke index (fig. 2). In these cases 
th resting pulse rate ranged from 102 to 115 
p* minute. However, in 2 of the 3 patients 
st idied after treatment with thiamine there 
w sa decline in stroke index associated with a 
fa | in cardiac index; the third showed a slight 
ri-e in stroke index accompanied by a con- 
siterable drop in heart rate. Arteriovenous 
o.ygen difference, as calculated from the Fick 
ejuation, was relatively low for all subjects 
who exhibited an increased cardiac index, 
indicating that the elevation of blood flow 
was not due to an increased oxygen require- 
ment. 

Immediate Response to Thiamine Adminis- 
tration (fig. 1). Two subjects received thiamine 
intravenously in a dose of 100 mg. immediately 
on completion of the control studies. In the 
first subject (JC), the control cardiac index of 
5.7 L./min./M.* fell to 4.8 L. 1 hour after 
thiamine, with minor changes in pulse rate and 
blood pressure. In the second (MS), the control 
value of 1.4 L./min./M.2 rose to 2.8 L. in 1 


and 11% hours, associated with increasing pulse 
rate and blood pressure, and_ progressive 


restlessness. 


Response to More Prolonged Thiamine Ad- 
ministration (fig. 1). Six subjects were studied 
on a second occasion after they had received 
thiamine as the only vitamin supplement for 
| to 6 days. Of the 4 patients with elevated 
control cardiac indices (table 1, cases 1, 3, 4, 
and 6), all showed a decrease to the normal 
range with a corresponding rise in peripheral 
resistance. One patient (case 5) who originally 
had a normal cardiac index showed no change. 
l‘ach of the remaining 2 patients (cases 2 and 7) 
\ ith initially low values, remained low after 

eatment. Three patients were studied on a 

rd occasion 7 to 36 days after the adminis- 
‘ ation of a full diet and multiple vitamins. 

here was no further change except for a slight 
crease of cardiac index in 1 case. 

Changes in Oxygen Consumption. Oxygen 

nsumption was measured in 7 subjects before 


Nn ul he wo o 


CARDIAC INDEX (L/minsM?) 


UNTREATED IMMEDIATE 4+ DAYS 
AFTER THIAMINE 


CARDIAC INDEX (L,/min/M2) 


60 70 80 90 
HEART RATE 


CARDIAC INDEX (L/min/M?) 


10 18 20 25 30 35 40 
STROKE INDEX (cc/beat/M2) 

Fic. 1. Top. Cardiac index related to treatment in 
7 patients. Shaded portion represents the ‘‘normal’’ 
mean cardiac index + 1 standard deviation. 

Fig. 2. Cardiac index related to heart rate (middle) 
and stroke index (bottom). @—values prior to therapy; 
A—values 1-114 hours after IV thiamine; O—values 
after 4-36 days of therapy. 
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treatment with thiamine and in 6 subjects 4 or 
more days after treatment. Excluding a ques- 
tionable figure of 215 in one (JK), pretreatment 
values averaged 149 ml./min./M.* (range 128- 
167) and post-treatment values averaged 141 
ml./min./M.? (range 115-172). The apparent 
similarity of the pretreatment and _ post-treat- 
ment values for the entire group obscures the 
fact that of the 5 subjects with adequate deter- 
minations in both periods, 4 exhibited a de- 
crease in oxygen consumption ranging from 16 
to 22 ml., and the fifth an insignificant increase 
of 5 ml. Oxygen consumption correlated 
roughly with the cardiac index, but in the sub- 
jects having the highest pretreatment cardiac 
minute volume, the cardiac index was elevated 
out of proportion to oxygen consumption, as 
indicated by low values for calculated arterio- 
venous oxygen difference. Again, increase in 
blood flow was disproportionate to oxygen 
requirement. 

Changes in Arterial Pressure and Pulse Rate. 
Mean arterial pressure averaged 88 mm. Hg 
before and 101 mm. Hg after treatment with 
thiamine in 7 subjects. Much of this minor rise 
in average pressure was due to an increase in 
mean pressure exhibited by 2 patients (EK 
and AN) who became hypertensive following 
specific therapy. The previous hospital record 


of AN disclosed hypertension of similar degree 
at intervals in the past. 

Heart rate averaged 98/min. before and 
80/min. after treatment with thiamine in 7 
patients. This appears to be a significant 
decrease. 


Changes in Blood Pyruvate and Lactate Levels. 
Elevation of fasting blood pyruvate to ab- 
normal levels was found in all 6 patients in 
whom it was measured (table 1). A comparable 
increase in blood lactate was less consistently 
found. After administration of parenteral thia- 
mine for 4 or more days, fasting pyruvate and 
lactate values declined to normal or nearly 
normal levels. Prior to therapy there was no 
obvious correlation between blood lactate or 
pyruvate values and cardiac index. 


Part 2. Postural Responses in 12 Patients with 
Wernicke’s Disease (table 2) 


The cardiovascular response to tilting was 
grossly abnormal at some time during the study 


in 7 of the 12 patients tested. In 3 patients t! e 
blood pressure was completely unobtainab ¢ 
for varying periods of time during multip « 
tilts; in 2 of these (JK and AN) it was uno)- 
tainable throughout most of the 5 minutes 
tilting on one occasion in each patient. It w 
of interest that despite such profound alter 
tions in cardiovascular response, none of © 
patients complained of ‘‘dizziness” or “ligh 
headedness” during tilting, and syncope o 
curred on only one occasion during the enti 
study. However, postural ‘faintness’ was 
complaint in the histories of 3 of our mo 
rational patients; 2 of these (EK and AX 
demonstrated marked and prolonged postu: 
hypotension on tilting. 

In every case in which the blood pressure or 
pulse pressure fell abnormally there was ample 
evidence of reflex cardioacceleratory activity in 
terms of a rise in pulse rate of moderate to 
marked degree, but less consistent evidence of 
peripheral sympathetic activity (sweating, 
pallor). 

Of the 6 patients studied before treatment, 
only 2 demonstrated an abnormality (MG and 
LH). Four patients were studied both before 
and after thiamine administration (EK, AN, 
LH, and WB). Of these, an abnormality was 
evident in only 1 patient (LH) before treat- 
ment. Two of these patients (EK and AN) 
showed inadequate compensation to tilting 
only after treatment with thiamine. Postural 
responses in these patients became markedly 
abnormal and remained so for relatively long 
periods following therapy. The fourth patient 
(WB) whose pressure readings were difficult to 
define on one occasion after treatment, exhib- 
ited at that time a response to tilting that was 
probably abnormal, in that his pulse pressure 
fell to about 20 per cent of control values 
Marked and prolonged systolic ‘‘overshoot”’ o! 
blood pressure occurred after return to th 
horizontal position in 2 subjects (MS and JI 
on one occasion each. 

The most marked abnormalities in this serie 
were not restricted to the older nor to the mos 
seriously incapacitated patients. EK and AN 
aged 42 and 43, were 2 of the younger patient 
in the group. AN was in a relatively early phas: 
of the disease and appeared well nourished. 
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TaBLE 2.—Postural Responses of Twelve Patients with Wernicke’s Disease 
ae Nl 
Diastolic 

pressure 


(mm. Hg) 


| Systolic 

Days pressure 

Patient, of (mm. Hg) 
e, and sex treat- 
ment 


Lowest | Dura- | Normal 
pulse tion of | or Remarks 
dum: He) tilt abnormal 


| 
| Pulse 


Con- | Max. | Con- Max. | Con- | Max. (min.) 


trol |change| trol |change| trol | change 


KK ,42, 130 +8 | 82 | +6 | 108 | +12 | 
M 5 | 145 |—45*, 100 |—22 | 116 | +36 
‘ 160 |—90*| 102 |—42*| 116 | +24 

153 |—43*| 106 |—18 | 104 | +36 

158 |—56*| 93 |—19 | 124 | +16 

124; -8| 89/+9/| 80) +36 

120 x | 100) x | 88| +44 

112; x | 92] x | 88| +40 

154 —16 | 115 92 | +28 


MS,57, é 117 |—29 64 | +36 
M 138 |—36 é 64 | +20 


.JK,65,M| 6 | 104) x x x 
5 | 144] x x | 68 | +20 
102) x x +24 
110 23 | 73 | +19 
ss| x | 50| x | 72| +24 
5. LH68, 105 | x | 73| x | 96| +16 
M 111 x | s8| x 
112 +11} 68 | +20 
6. WB,52, 134 2 |-20 | 104 | +16 
M 5 | 111 4 +26 | 68 | +24 
132 +12 +15 | 84 | +20 
_ ES,31,F 136 —14 +11 | 96 | +28 
MG.63, 100 |-24 | 73 |-11 | 98] +30 
F 

9. FM,44, | 65 | 111 |-13| 79 |+13| 84] +36 
M 5 | 110 |+12| 81 /+19| 84 | +36 
10. JC,33,F} 1 | 139 |-12| 84| +8] 96| —4 
11. JE,45,M| 6 | 102 |-18| 76/|+12| 60) +24 
12.TB,70,M| 16 | 125 |-11} 63/+9] 80| —4 


44 é N Marked dyspnea on slight exer- 
22 Abn. tion prior to therapy; history 
| Abn. of postural ‘‘dizziness’’ 
Abn. 
Abn. 
N History of postural ‘‘dizziness’’; 
Abn. unobtainable B.P. readings 
Abn. throughout entire tilt on day 
Abn. 7; inconstantly unobtainable, 
day 10 
N Marked post-tilt ‘“‘systolie over- 
N shoot” day 5 (73 mm. Hg over 
control level); history of pos- 
tural ‘‘dizziness”’ 
Abn. | Unobtainable readings through- 
Abn. out entire tilt on one occasion, 
Abn. day 13; ‘‘systolic overshoot”’ 
Abn. (49 mm. Hg) on one occasion, 
Abn. day 6 
Abn. | B.P. readings unobtainable 
Abn. throughout entire tilt on one 
N occasion, day 0 
Pulse pressure fell to 20 per cent 
?N of control, day 5; syncope, 
N day 0 
N 
Abn. 


own uw 


o 


oI — 
aoc oc co 


N 
Abn. 
N 
Abn. 
N 


* Abnormal Change: Arbitrarily, a fall from the baseline of 40 mm. Hg systolic, 30 mm. Hg dias- 
tolie or a drop in pulse pressure to 10 mm. Hg or less was considered abnormal. 
x = Reading unobtainable one or more times during tilt. 


DISCUSSION 


The main abnormalities found in this study 
ere the alterations in cardiac output and the 
gh incidence of postural hypotension. Tachy- 
curdia, elevated cardiac output, and low pe- 
pheral resistance were found in 4 of 7 pa- 
| ents. Of 6 patients subjected to cardiac output 
id postural studies, 3 showed both tachy- 
rdia and postural hypotension. 
A number of factors might be implicated in 
ie high output state encountered in our pa- 
t ents. Laennec’s cirrhosis (and possibly “fatty 
| ver”) is known to be accompanied by an ele- 


vation of resting cardiac output in certain 
instances.’ Of the 4 patients with an elevated 
‘ardiac output, 1 (JC) undoubtedly had cir- 
rhosis and 3 were examples of ‘fatty liver.” 
However, when the cardiac output is elevated 
in cirrhosis alone, it has not been shown to 
decline to normal levels in a few days, or in 
response to treatment with thiamine alone. 
Two of the 4 patients with an elevated car- 
diac output were anemic, with hematocrit 
readings of 33 and 35 per cent. In 1 of these 
patients the cardiac output returned to normal 
5 days after the original studies, but the he- 
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matocrit did not increase significantly. More- 
over, an elevated cardiac output has not been 
found with anemia of this degree.'® 

A state of apprehension may elevate the 
cardiac output," " but this factor seems un- 
likely in our patients, who were generally in- 
different and apathetic. The possibility that an 
abnormal accumulation of blood pyruvate or 
lactate may affect the peripheral vascular sys- 
tem has been adequately excluded by other 
investigators; the intravenous administration 
of these substances and a large variety of other 
metabolites in both animals and man has not 
resulted in significant alterations of cardio- 
vascular function." "4 

A high cardiac output is characteristic of 
beriberi heart disease.'**’ The high cardiac 
output seen in our patients may represent the 
same abnormality. Our cases showed no signs 
of congestive failure, but the cardiovascular 
manifestations of beriberi need not take this 
form alone. Keefer* studied 12 patients with 
neuritic beriberi who had no symptoms refer- 
able to the heart; yet 3 patients showed cardio- 
megaly and 10 had electrocardiographie ab- 
normalities. It should be pointed out that 
electrocardiographic changes of the type seen 
in our patients have been reported in 
Wernicke’s disease,” beriberi,'® other types of 
nutritional deficiency,”* experimental thiamine 
deficiency in man™ and in animals,?*-*! all with- 
out congestive failure. 

One can only speculate on the infrequent 
occurrence of congestive failure in our patients. 
In patients with neuritic beriberi the infre- 
quency of congestive failure has been attributed 
to the paralysis and generally decreased physi- 
‘al activity that reduced the burden on the 
myocardium.”': ® Neuropathy was minimal in 
our patients, but the immobility necessitated 
by ataxia may have prevented the development 
of clinical myocardial insufficiency. 

We can offer no satisfactory explanation for 
the low cardiac indices seen in 2 patients (MS 
and HC). Neither showed evidence of conges- 
tive failure. Both these patients were mal- 
nourished to the point of emaciation, a state 
that may be associated with slightly lowered 
cardiac output. One patient (HC) was de- 
hydrated and had arteriosclerotic heart disease; 
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he died several days after his final study an 
postmortem examination disclosed an ol 
apical myocardial infarction. 

In attempting to explain the postural hypo 
tension in our patients several pertinent factor 
should be considered. Undernutrition, presen 
to some degree in all the patients, is commonl; 
thought to be associated with poor vasomoto 
control. Postural hypotension, however, wa: 
not a prominent feature in a study on under 
nourished subjects.** The altered vasomoto) 
response to tilting in the older age group** seems 
to be an inadequate explanation of the pro- 
found abnormalities found in the present series. 
Immobilization, however, in otherwise normal 
subjects, has been shown to predispose to 
orthostatic fainting in as short a period of time 
as 1 week.** It is possible that the immobiliza- 
tion imposed on our patients by ataxia may 
explain the high incidence of postural hypo- 
tension. 

The concurrence of tachyeardia, elevated 
cardiac output, low peripheral resistance, and 
postural hypotension can best be explained by 
a state of peripheral vasodilatation. One pa- 
tient (EK) was known to have essential hyper- 
tension (increased peripheral resistance) before 
the onset of Wernicke’s disease. During the 
acute phase of the illness his blood pressure 
became normal and peripheral vascular resist- 
ance was lowered. After treatment, he again 
became hypertensive with elevation of the 
peripheral vascular resistance. The presence, 
before treatment, of a low arteriovenous oxygen 
difference with an elevation of cardiac index 
disproportionate to the oxygen consumption 
also favors a state of peripheral vasodilatation. 

It is interesting to speculate on the rapid 
reversal of tachycardia, elevated cardiac out- 
put, and low peripheral resistance following the 
administration of thiamine. This sequence of 
events suggests that a deficiency of this vitamin 
is in some way responsible for the production 
of these abnormalities. The fact that postural 
hypotension, or altered vascular response to 
tilting, appeared most commonly after specific 
therapy was instituted does not negate the role 
of thiamine deficiency in its production. Other 
‘ardiovascular symptoms such as cyanosis and 
electrocardiographic abnormalities may be- 















GRAVALLESE AND VICTOR 843 


cc ne More prominent or may appear for the 
fi; t time after the institution of specific 
th rapy.'® The cause of this phenomenon is 
known; possibly the increased metabolism 
‘entuates the deficiency of other B vitamins 
even of vitamin B). 
Chiamine deficiency may have both a central 
d peripheral effect on the cardiovascular sys- 
n. There is definitive evidence that the myo- 
+ rdium is affected in beriberi and in experi- 
tally induced thiamine deficiency states;'®: 
4-31 more recent studies on myocardial 
etabolism in thiamine-deficient animals have 
i-monstrated an abnormal utilization of pyru- 
vate and lactate. * From our observations it 
would also appear that acute thiamine defi- 
ciency, as manifested by Wernicke’s encephal- 
opathy, is accompanied by a state of peripheral 
vasodilatation, qualitatively similar to that 
found in beriberi. 


SUMMARY 


Cardiovascular studies were performed on 7 
patients with acute Wernicke’s encephalop- 
athy. Four of these showed a cardiac output 
elevated out of proportion to oxygen consump- 
tion and associated with low peripheral vascu- 
lar resistance. These abnormalities reverted to 
normal after treatment with thiamine and bed 
rest. Resting tachycardia was a frequent occur- 
rence. In 2 patients the cardiac output was low 
and remained low with treatment; in another 
if Was normal. 

Postural hypotension was found in 7 of 12 
patients. The most profound abnormalities in 
the cardiovascular response to tilting occurred 
after treatment with thiamine. 

It is suggested that these changes reflect an 
abnormal state of peripheral vasodilatation 
which, in turn, may be related specifically to 
ihiamine deficiency. 


SUMMARIO IN INTERLINGUA 


Studios cardiovascular esseva executate in 
‘pte patientes con acute encephalopathia de 
Vernicke. In quatro de iste casos le rendimento 
ardiac esseva elevate foras de proportion con 
‘ consumption de oxygeno. Isto esseva asso- 
‘ate con basse resistentia periphero-vascular. 
ractamento con thiamina e allectamento 


resultava in le reversion del anormalitates 
mentionate. In duo patientes le rendimento 
‘ardiac esseva basse e remaneva basse post le 
tractamento. In un patiente le rendimento 
cardiac esseva normal. 

Hypotension postural esseva constatate in 
septe ex 12 patientes. Le plus pronunciate 
anormalitates del responsa cardiovascular effec- 
tuate per inclination occurreva post tracta- 
mento con thiamina. 

Es suggerite que iste alterationes reflecte 
un anormal stato de vasodilatation peripheric 
le qual, de su parte, es forsan relationate 
specificamente a carentia de thiamina. 


ACKNOWLEDGMENT 


The authors are grateful to the medical services 
of the Boston City Hospital for making the patients 
available for study, and to Drs. W. H. Abelmann, 
L. B. Ellis, and R. D. Adams for their generous help 
in preparing this paper. 


REFERENCES 


1 Puituips, G. B., Vicror, M., Apams, R. D., anp 
Davipson, C. 8.: A study of the nutritional de- 
fect in Wernicke’s syndrome. J. Clin. Invest. 31: 
859, 1952. 

2 Vicror, M., Horr, J. M., anp Apams, R. D.: A 
clinical study of Wernicke’s disease. Tr. Am. 
Neurol. A., 1952, p. 178. ; 

3 McNEELY, W. F., AND GRAVALLESE, M. A., JR.: 
Measurement of cardiac output by dye dilution 
technique: use of an “integrated” sample collec- 
tion in calibration of the photometric instru- 
ment. J. Appl. Physiol. 7: 55, 1954. 

4Dexter, L., WHITTENBERGER, J. L., Haynes, 

F. W., Goopatr, W. T., Gorin, R., aNnp 
Sawyer, C. G.: Effect of exercise on circulatory 
dynamics of normal individuals. J. Appl. 
Physiol. 3: 439, 1951. 

5 CouRNAND, A., Ritey, R. L., Braptey, S. E., 
BREED, E. 8., Nosie, R. P., Lauson, H. D., 
GreGeERSEY, M. I., anp RicHarps, D. W.: 
Studies of the circulation in clinical shock. 
Surgery 13: 964, 1943. 

6 FRIEDEMANN, T. E., aNp HauGeEn, G. E.: Pyruvic 
acid. II. The determination of keto acids in 
blood and urine. J. Biol. Chem. 147: 415, 19438. 

7 Barker, 8S. B., AND SuMMERSON, W. G.: Colori- 
metric determination of lactic acid in biological 
material. J. Biol. Chem. 138: 535, 1941. 

8 Seiigson, D., AND SHaprro, B.: Alpha-keto acids 
in blood and urine studied by paper chroma- 
tography. Analyt. Chem. 24: 754, 1952. 

9 KowatsklI, H. J., AND ABELMANN, W. H.: The 





844 


cardiac output at rest in Laennec’s cirrhosis. 

J. Clin. Invest. 32: 1025, 1953. 

10 BRANNON, E.S., MerRRILL, A. J.. WARREN, J. V., 
AND Sreap, 8. A., Jr.: The cardiac output in 
patients with chronic anemia as measured by 
the technique of right atrial catheterization. 
J. Clin. Invest. 24: 332, 1945. 

1 Srrap, E. A., Jr., WARREN, J. V., MERRILL, A. J., 

AND Brannon, E. 8.: The cardiac output in 


male subjects as measured by the technique of 


right atrial catheterization. Normal values with 
observations on the effect of anxiety and tilting. 
J. Clin. Invest. 24: 326, 1945. 

® Hickam, J. B., Careitt, W. H., anp GoOLpEN, A.: 
Cardiovascular reactions to emotional stimuli. 
Effect on the cardiac output, arteriovenous 
oxygen difference, arterial pressure, and periph- 
eral resistance. J. Clin. Invest. 27: 290, 1948. 

8 Haynes, F. W., Aanp WeErtss, S8.: Responses of the 
normal heart and the heart in experimental 
vitamin B, deficiency to metabolites (pyruvic 
acid, lactic acid, methyl glyoxal, glyceraldehyde 
and adenylic acid) and to thiamin. Am. Heart J. 
20: 34, 1940. 

44 Witkins, R. W., Weiss, 8., AND TayLor, F. H. L.: 
The effect and rate of removal of pyruvic acid 
administered to normal persons and to patients 
with and without ‘‘vitamin B deficiency.” Ann. 
Int. Med. 12: 938, 1938. 

1 Hayasaka, E., aNp INawasuHiro, R.: Studies on 
the effect of muscular exercise in Beri-beri. 
Tohoku J. Exper. Med. 12: 29, 1928. 

16 Weiss, S., AND WiLKINs, R. W.: The nature of 
cardiovascular disturbances in nutritional de- 
ficiency states (beri-beri). Ann. Int. Med. 11: 
104, 1937. 

7 Porter, R. R., AND Downs, R. 8.: Some physio- 
logical observations on the circulation during 
recovery from vitamin B, deficiency. Ann. Int. 
Med. 17: 645, 1942. 

18 BURWELL, C.8., AND Dexter, L.: Beri-beri heart 
disease. Tr. A. Am. Physicians 60: 59, 1947. 
19CAMPBELL, J. A., SELVERSTONE, L. A., AND 
Donovan D. L.: Studies on the high output 
cardiac failure of occidental beri-beri. J. Clin. 

Invest. 30: 632, 1951. 

20 Laney, W. J., Arst, D. B., Sttver, M., KuEE- 
MAN, C. R., anpD KunkEL, P.: Physiologic ob- 
servations on a case of beriberi heart disease 
with a note on the acute effect of thiamine. Am. 
J. Med. 14: 248, 1953. 

21 KEEFER, C.: The beriberi heart. Arch. Int. Med. 
45: 1, 1930. 

22 Wautack, L., AND CLARKE, E.: Electrocardio- 
graphic changes in a case of Wernicke’s syn- 
drome. Ann. Int. Med. 31: 675, 1949. 

2 Evus, L. B.: Electrocardiographic abnormalities 
in severe malnutrition. Brit. Heart J. 8: 53, 1946. 





CIRCULATORY STUDIES IN WERNICKE’S ENCEPHALOPATHY 





24 JOLLIFFE, N., GoopHart, R., GENNIS, J., Anvp 
Curing, J. K.: The experimental production f 
vitamin B, deficiency in normal subjects. Ai, 
J. M. Sc. 198: 198, 1939. 

*5 Zoui, P. M., anp WeEtss, 8.: Electrocardiograpl. ¢ 
changes in rats deficient in vitamin B,. Proc. 8 
Exper. Biol. & Med. 35: 259, 1936. 

26 Swank, R. L., aN Brssgy, O. A.: Production a: d 
study of cardiac failure in thiamine-deficie t 
pigeons. Arch. Int. Med. 70: 763, 1942. 

27 Toman, J. E. P., Everetr, G. M., Oster, R. i, 
AND Situ, D. C.: Origin of cardiac disorders | a 
thiamine-deficient cats. Proc. Soc. Exper. Bic.. 
& Med. 58: 65, 1945. 

°8 HUNDLEY, J. M., AsHspurN, L. L., AnD SEBREL ., 
W. H.: The electrocardiogram in chron 
thiamine deficiency in rats. Am. J. Physiol. 144: 
404, 1945. 

22 Kine, W. D., AND SEBRELL, W. H.: Alterations i: 
the cardiac conduction mechanism in expe1 
mental thiamine deficiency. Pub. Health Rey 
61: 410, 1946. 

30 Hunbuey, J. M., AND SEBRELL, W. H.: Electro 
cardiographie alterations in adult rats as a 
sult of acute thiamine deficiency. Pub. Health 
Rep. 61: 847, 1946. 

31 RANDLES, F. S., Himwicu, W. A., HompurGer, 

E., anp Himwicu, H. E.: The influence of vita 


min B, deficiency on the pyruvate exchange of 


the heart. Am. Heart J. 33: 341, 1947. 

® WeNKEBACH, K, F.: Heart and circulation in a 
tropical avitaminosis (beri-beri). Lancet 2: 265, 
1928. 

33 HowarTH, S.: Cardiac output and the peripheral 
circulation in malnourished subjects. Ab 
stracted, J. Physiol. 109: 14, 1949. 

4 Taytor, H. L., HENscHEL, A., AND Keys, A.: 
Cardiovascular response to posture and the 
problem of faintness and syncope in the semi 
starved individual. Am. J. Physiol. 152: 141, 
1948. 

35 Morris, A. H., SHock, N. W., AND YIENGsT, 
M. J.: Age changes in heart rate and_ blood 
pressure responses to tilting and standardized 
exercise. Circulation 8: 521, 1953. 

36 Derrrick, J. E., WHepon, O. G. D., aNp SHorr, 
E.: Effects of immobilization on various meta 
bolic and physiologic functions of normal men. 
Am. J. Med. 4: 3, 1948. 

37 HackeEL, D., GoopaLe, W. T., AND KLEINERMAN, 
J.: Effects of thiamine deficiency on myocardia! 
metabolism in intact dogs. Am. Heart J. 46: 
883, 1953. 

38 Otson, R. E., Pearson, D. H., Mituer, O. N. 
AND STARE, F. J.: The effect of vitamin deficien 
cies upon the metabolism of cardiac muscle in 

vitro. J. Biol. Chem. 175: 489, 1948. 












Ww 
Dp! 
Pi 


Obliterative Brachiocephalic Arteritis 


Pulseless Disease of Takayasu 


By Tuomas B. Gippons, M.D., And Ropert L. Kine, M.D. 


Although a newcomer to American medical literature, this strange vascular disease of young 
adult women has been recognized abroad for many years. The etiology is obscure, but the patho- 
logic findings are fairly well documented and the clinical picture is unusually consistent. An 
obliterative arteritis of the branches of the aortic arch results in severe ocular and cerebral damage. 
The disease process is relentlessly progressive and the prognosis for sight and life is poor. The 
present case was treated with corticosteroids and anticoagulants with apparent benefit. This 
disease should be considered when cataracts are encountered in young people and when arterial 
pressures and pulses in the upper extremities are absent. 


7 ocular manifestations of a rare vascular 
_ disease afflicting branches of the aortic 
arch were first described in 1908 by Takayasu, 
a Japanese physician. The disease was not 
recognized in this country until 1952, when 
Caccamise and Whitman! reported a 19-year- 
old girl with characteristic clinical findings. 
However, 3 patients who may represent in- 
stances of obliterative brachiocephalic arteritis 
had been reported earlier under other diag- 
noses?-* and 3 probable cases have since been 
described.*-7 In contrast, 68 cases are recorded 
in Japan,® and European authors have added 
26 others. 


DESCRIPTION 


Confined almost exclusively to young adult 
women, obliterative brachiocephalic arteritis 
presents a remarkably well-defined clinical 
picture and a discouragingly progressive course 
leading to loss of visual and cerebral faculties 
and, ultimately, to blindness and death. The 
etiology is unknown. Ask-Upmark® has _re- 
viewed the cases occurring outside of Japan, 

urrier and associates,® have delineated the 
urologic manifestations of pulseless diseases, 
aid Caccamise and Okuda’ have described the 

‘ular findings. The differential diagnosis of 
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‘tober 1956. 


this and other aortic arch syndromes has been 
well covered by Ross and McKusick.°® 

The basic fault is a loss of normal circulation 
to the head and upper extremities with symp- 
toms and signs due to ischemia of the brain, 
eyes, head, and arms; hypersensitivity of the 
carotid sinus mechanism; and development of 
a collateral circulation. 

The primary pathology is a chronic progres- 
sive arteritis involving all layers of the prox- 
imal segments of vessels arising from the aortic 
arch with eventual effacement of the lumen of 
the innominate, common carotid, and subclav- 
ian arteries. The iliac arteries can be involved 
and the ostia of the visceral branches of the 
aorta are occasionally included in the oblit- 
erative process. Classically, however, the ar- 
teritis is limited to the branches of the aortic 
arch. Microscopic examination of an affected 
artery discloses an inflammatory reaction in- 
volving all layers of the vessel wall reminiscent 
of the changes seen in smaller arteries with 
polyarteritis nodosa or temporal arteritis. The 
lumen of the artery is decreased in caliber or 
completely occluded. Thrombus formation 
contributes to the obliteration of the artery and 
attempts at recanalization may be seen. 

A variety of etiologic agents has been con- 
sidered, including syphilis and tuberculosis. 
However, Treponema have not been demon- 
strated in the lesions and the patients have 
invariably had negative serologic tests for 
syphilis. The occasional appearance of giant 
cells and granulomatous reaction in the vessel 
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wall has suggested tuberculosis but acid-fast 
organisms have not been recovered from or 
demonstrated in the diseased vascular tissue. 
Rheumatic or other types of preceding infec- 
tious processes have been noted in the 
anamnesis of many cases, particularly those 
reviewed by Ask-Upmark,*® who pointed out 
that a large percentage of European cases are 
from countries bordering the North Sea, an 
area in which rheumatic infections are preva- 
lent. The unusual frequency of this vascular 
disease in young women has led to interesting 
speculation but, unfortunately, has failed to 
illuminate the problem of etiology. Many 
believe that brachiocephalic arteritis is best 
considered a collagen disease. 

Claudication occurs in the arms and jaw. 
Collateral circulatory routes develop largely 
from the intercostal arteries and supply the 
arms with sufficient blood to maintain nutrition 
of the tissues. As a result, gangrene of fingers 
does not occur. However, atrophy of nasal 
mucosa and perforation of the nasal septum 
have been described, as well as atrophy of the 
alveolar processes with loss of teeth. Focal 
areas of tissue necrosis may occur in the ears. 

Early symptoms from the eyes have been 
termed “visual claudication” and consist of 
transient dimness of vision and_ diplopia. 
Pathologic alterations occurring in the eye 
secondary to ischemia include atrophy of the 
uveal tract, corneal opacities, cataract forma- 
tion, and peripapillary looping of new vessels. 
A few instances of glaucoma have been ob- 
served.'° Permanent visual impairment and 
blindness can result. 

Cerebral symptoms also tend to be transient 
at first but distressingly recurrent with sensa- 
tions of dizziness, paresis, or convulsions. The 
brain eventually becomes completely de- 
pendent upon the vertebral arteries for its 
supply of blood, and cerebral thrombosis is a 
common late development. Syncopal attacks 
‘an occur and have been attributed to a demon- 
strably hypersensitive carotid sinus mechanism, 
which may result from involvement of the 
sinus walls by the arteritis or from the lowered 
blood pressure in the carotid sinuses distal to 
the areas of arterial obliteration. Some patients 
with Takayasu’s disease complain of tachy- 
cardia but other cardiac symptoms are seldom 
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paramount although an occasional patie t 
may progress to congestive heart failure on t¢ 
basis of hypertension. In patients with ili ic 
artery involvement, claudication has be .n 
present in the lower extremities as well. 

Classically, arterial pulses and pressures : re 
absent in the upper extremities but norn al 
in the legs. Carotid artery pulsations may Je 
absent or very faint and auscultation in t :e 
supraclavicular and carotid areas of the nek 
frequently discloses a continuous bruit wih 
systolic accentuation. This vascular murmur 
probably arises in the diseased vessel itself 
a result of a constant pressure gradient acr 
the narrowed area.’ Weak pulsations are «i 
times palpable in the radial vessels, and «: 
abnormally low arterial pressure with smal 
pulse pressure may be detected in one or both 
arms. With involvement of the vessels to the 
legs, arterial pulses and pressures will be al- 
normal or absent in one or both lower ex- 
tremities. Hypertension is occasionally recorded 
in the legs. Examination of the posterior thorax 
may disclose bruits or palpable dilated inter- 
costal arteries serving as collateral channels. 

Laboratory studies show few abnormalities. 
The erythrocyte sedimentation rate is generally 
accelerated. Serologic tests for syphilis are 
negative. Blood counts and chemical tests and 
the urine are normal. The electrocardiogram 
is normal in most cases. Electroencephalograms 
have seldom been described and are not specific. 
I‘luoroscopic study gives no sign of the disease 
unless notching of the lower rib borders due to 
dilated intercostal vessels is observed. Angio- 
cardiograms fail to demonstrate the proximal! 
segments of the aortic branches although the 
more distal portion of these vessels may be 
visualized and appear normal.!! 

The present case demonstrates most of the 
characteristic symptoms and signs of the 
disease and is the first to be treated with 
corticosteroids and anticoagulants. The re 
sponse to this therapy has been encouraging. 


Be 


Be 


Case REPORT 
Mrs. 8. 8., a 42-year-old white woman was ad 
mitted to the Virginia Mason Hospital in Jun 
1956 for study of low blood pressure and pains i! 
the left leg and right arm.* In 1951 she develope: 


* We are indebted to Dr. William V. King of Bur 
lington, Washington, for referring this patient. 
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a. eep aching in the region of the left shoulder and 
le: side of the neck that lasted several days. Relief 
would be obtained only when the arm was placed 
co upletely at rest. Since 1951 she had 6 or 7 at- 
ts ks of this nature involving the left shoulder, the 
le t groin, and the right shoulder. 

Fifteen months prior to entering the hospital, 
w tile walking on marshy ground wearing hip boots, 
t!e patient first noted cramping pains in the left 
colf relieved by rest. The right calf felt tired but 
wis not painful. The left leg remained tender for 2 
o1 3 days after this walk and the slightest use caused 
pin. Since then, walking at a normal pace brought 
on claudication in the calf and, if she persisted, the 
claudication would spread into the left anterior 
thigh muscles. Resting gave relief and hurrying 
made it worse, as did walking up an incline. 

For 9 months she had noticed that the left hand 
would become numb when earrying her lunch pail. 
The more shirts and jackets worn, the faster the 
hand would go numb. This symptom persisted and 
4 months prior to hospitalization she first devel- 
oped cerebral and ocular symptoms, which occurred 
in attacks coming on as frequently as twice a day 
or as infrequently as twice each week. The initial 
symptom of these attacks was a feeling of weakness 
in the eyes “as if they would cross.” Then a sensa- 
tion of slow gyrations in the head and partial loss 
of balance would develop. If she tried to walk dur- 
ing these spells, she weaved. Lying down shortened 
their duration. Each spell lasted from 4 to 10 min- 
utes and was followed by nausea. One month after 
the appearance of these symptoms her blood pres- 
sure was found to be low, at 70/60 mm. Hg in the 
arm, 

Within a month of coming here she first noticed 
claudication in the right arm involving the deltoid 
and biceps muscles that was brought on by repeti- 
tive motions of the arm such as raking the lawn or 
painting walls. About the same time jaw claudica- 
tion first appeared with aching in the masseter 
muscles and in the neck when chewing meat or 
other fibrous foods. This aching discomfort in the 
jaw and neck would stop when she ceased chewing. 

Past History. The patient was born in 1914 in 
Canada. At age 5 she fell and fractured the right 
clavicle but there was no other history of injury. 
she had the usual childhood diseases without com- 

lication. The menarche was at age 12 and menses 
ere regular. At age 29 both Fallopian tubes and 
ne ovary were removed, apparently because of 
ysts and dysmenorrhea. She had never been preg- 
ant. There was no history of venereal infection. 
‘he teeth were replaced many years ago by den- 
ires. For 3 years she had been treated elsewhere 
vr a mild glaucoma. She smoked 1 package of 
igarettes each day. Review of systems was negi- 
ve. 

Family History. The patient is the eighth of 10 
hildren. Her father, of English descent, is 80 years 
ld, active, and well. Her mother, of French and 


German extraction, died at age 76 after a fractured 
hip; she was a mild diabetic for the last 5 years of 
her life. No member of the patient’s family has been 
afflicted with an illness similar to hers. 

Physical Examination. She was a normally de- 
veloped, adequately nourished woman, 5’3” tall, 
weighing 135 pounds, and edentulous. The nasal 
mucous membranes were atrophic but there was no 
perforation of the septum. The ears were normal. 
Ophthalmoscopic examination disclosed slight glau- 
comatous cupping but no evidence of cataracts, 
corneal opacities, or vascular looping in the region 
of the optic disks. Carotid pulsations were barely 
perceptible, and in the left carotid triangle of the 
neck a continuous bruit was clearly audible. There 
was systolic accentuation of the murmur but it per- 
sisted throughout diastole. Neither axillary artery 
was pulsatile to palpation. A very weak right bra- 
chial artery pulsation was present. Both radial ar- 
teries were weakly palpable at times but ulnar 
pulses were absent. The Jungs were normal to ex- 
amination and the heart was not enlarged on per- 
cussion. There were no palpable thrills or audible 
cardiac murmurs, and the heart tones were regular 
and of good quality without accentuation or muf- 
fling. The liver, spleen, and kidneys were not 
enlarged, nor was there any abdominal mass, fluid, 
or localized tenderness. The abdominal aorta was 
normally pulsatile, and pulsations were strong in 
the right femoral artery but weak in the left. Aus- 
cultation disclosed a systolic bruit over the left 
femoral vessel. The right popliteal and dorsalis pedis 
pulses were normal but the left popliteal and dor- 
salis pedis arteries and both posterior tibial vessels 
were nonpulsatile. Pelvic and rectal examinations 
were negative and the deep tendon reflexes and 
sensory perception were normal. There was no pain 
or tenderness on palpation of any of the muscle 
groups or with movement of any of the joints, all 
of which had a free and normal range of motion. 

Blood pressure was determined with great diffi- 
culty in the arms. With the patient supine the sys- 
tolic pressure in both arms was around 75 to 80 
mm. Hg, both on palpation and auscultation. By 
auscultation, diastolic pressure was estimated to 
be around 70 mm. Hg. With the patient sitting up 
or standing, an arterial pressure could not be de- 
tected in either arm. At times a satisfactory reading 
was unobtainable in any position. Blood pressure 
in the legs, obtained with a 14-cm. cuff on the lower 
thigh, was 145/80 mm. Hg on the right and 90/80 
mm. Hg on the left. By palpation with the cuff on 
the calf the systolic blood pressure in the right dor- 
salis pedis artery was measured at 120 mm. Hg. An 
intra-arterial blood pressure of 120/80 mm. Hg was 
recorded from the right femoral artery. Intra- 
arterial pressures were not taken in any of the 
involved extremities because of the small risk of 
further compromising the circulation to these parts. 

Laboratory studies were all normal and included 
hemoglobin, total and differential leukocyte counts, 
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sedimentation rate, serologic test for syphilis, uri- 
nalysis, blood cholesterol and calcium, serum so- 
dium and chloride, postcibal blood sugar, and a 
Robinson-Kepler-Power test. The electrocardio- 
gram was normal. A chest film disclosed a heart 
shadow normal in size and contour, clear lung fields, 
and no rib notching. Fluoroscopy showed no evi- 
dence of aneurysm or other abnormality of the 
aorta or heart. A film of the abdomen was negative 
for calcification in the adrenal glands or vessels. 
Venous pressure in the right antecubital vein was 
118 mm. of water, with the reference level 10 cm. 
from the back. Circulation time arm-to-tongue em- 
ploying Decholin was 11 seconds. An electroenceph- 
alogram, 8-electrode bipolar localizing type, dis- 
closed nondescript changes of low voltage, rapid 
variety type from all areas. A rare 10 to 12 per sec- 
ond alpha wave appeared in the posterior deriva- 
tions. No high voltage slow activity was noted at 
any time during the recording and no paroxysmal 
dysrhythmias. There were no focal artifacts. The 
tracing was classified abnormally rapid, not specifi- 
cally diagnostic. 

Hospital Course. The patient remained afebrile 
and ambulatory. Prednisone, 10 mg. was adminis- 
tered orally every 6 hours. Dicumarol was employed 
to maintain the prothrombin concentration between 
10 and 20 per cent of the control. The patient was 
discharged after 10 days to continue the same medi- 
cations. 

Results of Treatment. After 6 weeks of therapy 
the patient returned for reevaluation. There were 
signs of mild steroid effect with early mooning of 
the face. She reported a gradual subjective improve- 
ment, having been free of jaw and arm claudication 
since leaving the hospital and she also noted an in- 
creased capacity for walking before the appearance 
of claudication in the left calf. She had not been 
bothered with further cerebral symptoms but con- 
tinued to have occasional transient blurring of 
vision and sensation as though the eyes were about 
to cross. Pulsations seemed stronger in the common 
carotids and the left femoral vessel. The radial 
pulses were still very weak and the ulnar pulsations 
remained absent. The left dorsalis pedis pulse was 
at times thought to be present; however, blood 
pressure determinations in arms and legs were not 
appreciably altered. 

At this juncture further studies were carried out 
which, unfortunately, had not been done before 
treatment was begun. The platelet count was 
180,000 and 200,000 on 2 occasions. An angiocardio- 
gram was performed with 40 ml. of 70 per cent 
Neo-Iopax. The first portion of the innominate 
artery, the entire left subclavian artery, and the 
proximal segment of the left common carotid artery 
were not visualized. The right subclavian artery 
could be faintly traced at its junction with the right 
common carotid but not distal to this point. How- 
ever, the axillary arteries and the distal portions of 


the carotid arteries, including their bifurcatio.s, 
were clearly seen and appeared normal. The failure 
of the dye to outline the proximal segments of the 
branches of the aortic arch was considered im ke: p- 
ing with the presumed presence of arteritis in th: se 
vessels with narrowing of the lumen. The arch its ‘If 
was well opacified in several of the exposures aid 
appeared entirely normal without evidence of an: u- 
rysm or congenital malformation. Visualization of 
the more distal segments of the carotid vessels aid 
of the axillary arteries showed that none of t ie 
involved arteries had been completely occlud. |, 
Collateral vessels were not seen. 


Discussion 

A positive diagnosis of obliterative brachi- 
ocephalic arteritis on clinical grounds alone ‘s 
not possible at this time. Ross and Mc Kusick’ 
comprehensive discussion of the various entitics 
that may present as the aortic arch syndrome 
emphasizes the difficulties of the differentia] 
diagnosis. Given a young woman without 
evidence of aneurysm, congenital anomaly, or 
trauma, the likelihood of Takayasu’s disease 
is very good. 

The symptoms and signs of the aortic arch 
syndrome presented by our patient prior to the 
institution of steroid and anticoagulant therapy 
would be difficult to explain on any basis other 
than an obliterative brachiocephalic arteritis. 
Except for the fractured clavicle in childhood 
there was no history of trauma and no evidence 
of aortic aneurysm or dissection or syphilitic 
infection. The aortic arch appeared entirely 
normal on angiocardiography. The presence of 
degenerative atherosclerosis with thrombotic 
occlusion of the innominate, carotid, and left 
iliac vessels remains a possibility but would 
seem unlikely in a woman of her age free of 
diabetes, hypertension, or evidence of deranged 
lipid metabolism or arteriosclerosis elsewhere. 
This patient did vary from the typical case of 
brachiocephalic arteritis in 3 respects: there 
was no objective evidence of organic damage to 
the eyes beyond glaucoma, she did not have 
carotid sinus syncopal attacks, and she ap 
parently did have involvement of the left iliac 
artery. However, all these variations have bee! 
described in patients with Takayasu’s disease 

The prognosis of patients with obliterative 
brachiocephalic arteritis is poor. The duration 
of symptoms in reported cases ranged from 6 
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1.ionths to 14 years. The average time from 
.nset of symptoms to the time of reporting or 

) death was 5.1 years for the 26 cases reviewed 
'y Ask-Upmark.’ Blindness and _ cerebral 
hrombosis are the greatest threats to the 
atient with pulseless disease. 

A variety of therapeutic measures have been 
ttempted but no one has reported favorable 
esults except for apparent improvement in | 
robable case treated with penicillin.* Cortisone 
r allied steroids have not been employed ex- 
ept briefly in 1 of Ask-Upmark’s patients.* 
Because that patient’s cataracts appeared to 
vorsen, the drug was discontinued after only 

week of therapy. We decided to try 
prednisone in the present case in an attempt 
‘o control, or even reverse, a presumed inflam- 
matory arteritis. We were pleased to note 
improvement of the patient’s symptoms. 
Although the response to this therapy was 
judged on subjective grounds, the patient was 
confident that her exercise tolerance for walking 
was increased and insisted that her cerebral 
symptoms had cleared as had jaw and arm 
claudication. Even considering the known 
euphoria and sense of well being often associated 
with use of these steroids, we believe that an 
actual improvement may well have taken place. 
As previously described, some of the arterial 
pulses seemed stronger to the examiners al- 
though blood pressure levels had not changed 
appreciably. 

At the present time the patient is being 
maintained on 15 mg. of prednisone per day 
and sufficient Dicumarol to provide a desired 
degree of hypoprothrombinemia. We intend to 
reevaluate the patient’s status at frequent 
intervals, watching particularly for the appear- 
ince of organic changes in the eyes. If visual 
rr cerebral symptoms become worse, arteriog- 
aphy will be repeated and the feasibility of 
rascular grafting or prosthetic replacement of 
he diseased vessel segments appraised. 


SUMMARY 


An apparent instance of a rare vascular 
isease, obliterative brachiocephalic arteritis, 
ccurring in a 42-year-old woman is described. 
‘rednisone and Dicumarol were employed 
1erapeutically with encouraging results. Al- 
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though the present case is but the third example 
of this disease to be reported in this country, 
5 probable cases have been described under 
other diagnoses. In contrast, nearly 100 cases 
have been recognized elsewhere in the world, 
chiefly in Japan and Europe. 


SUMMARIO IN INTERLINGUA 


Ks describite un caso apparente del rar morbo 
vascular, arteritis brachiocephalic obliterative. 
Le patiente esseva un femina de 42 annos de 
etate. Prednisona e Dicumarol esseva usate con 
incoragiante resultatos therapeutic. Ben que le 
presente caso representa solmente le tertie 
exemplo de iste morbo reportate in le Statos 
Unite, 5 casos probabile esseva describite sub 
altere diagnoses. Per contrasto con isto, quasi 
100 casos ha essite recognoscite in altere partes 
del mundo, principalmente in Japon e Europa. 
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The Ausculatory Gap in Arteriosclerotic Heart Disease 


By Simon Ropsarp, M.D., ano Jack Marcouts, M.D. 


Auscultatory gaps, found in some patients with arteriosclerotic heart disease, can be elicited in 
others by reducing blood flow in the extremity. Reactive hyperemia eliminates the gap in every 
instance. The gap therefore appears to represent a vasospastic disturbance that limits the blood 
flow to the extremities, despite the presence of an enhanced pressure head. 


HE auscultatory gap, recorded commonly 

in patients with systolic hypertension or 
with aortic stenosis, probably represents an 
undefined disturbance in cardiovascular funce- 
tion. Aside from this, the gap may have practi- 
cal importance, since significant errors in the 
estimation of the blood pressure may result 
when its presence is not recognized.'-> The 
present study of the gap extends previous 
investigations into mechanisms of sound pro- 
duction at the brachial artery during the in- 
direct measurement of the blood pressure.*!° 
Technics for enhancing or eliminating the gap, 
and an analysis of its physiologic mechanisms 
and clinical significance are presented. 


MeEtTHODS 


Twenty ambulatory male patients, 65 to 78 years 
of age, with systolic blood pressures of 170 mm. Hg 
or higher, were selected for study. The clinical diag- 
nosis of arteriosclerotic heart disease was based on 
physical examination and electrocardiographic and 
roentgenologic study. 

At least 10 blood pressure determinations were 
made on each patient. In some of these, a dynamic 
microphone placed in the antecubital fossa trans- 
mitted the arterial sounds to a Sanborn twin-beam 
instrument, which recorded them simultaneously 
with lead II of the electrocardiogram. Blood pressure 
determinations were made as the cuff pressure was 
deflated at about 3 mm. Hg per second. 


From the University of Buffalo Chronic Disease 
Research Institute, Buffalo, N. Y., and the Medical 
Service, Veterans Administration Hospital, Big 
Spring, Tex. 

Introductory phases of this study were begun at 
the Cardiovascular Department (Dr. L. N. Katz, 
Director), Medical Research Institute, Michael Reese 
Hospital, Chicago, IIl. 

The Chronic Disease Research Institute is sup- 
ported by grants-in-aid from the New York State 
Department of Health and other public and private 
sponsors. 

Aided by grant H-2271 from the National Heart 
Institute. 


RESULTS 


Of the twenty patients selected for the stud / 
only 3 had a gap while recumbent (table 1). 1, 
the sitting position, 2 of these continued t» 
have a gap and 4 other patients also showe | 
gaps. In the standing position, gaps were foun:! 
in 7 of the subjects, but not always the ones 
who showed gaps in the recumbent or sitting 
positions. Eleven of the patients had a gap at 
least once during the testing periods. While 
there was no consistent effect of body position, 
the increased likelihood of gap in the sitting or 
standing position was apparent. 

The gaps began 10 to 50 mm. Hg below the 
systolic pressure and had spans as large as 30 
mm. Hg. In general, patients with higher 
systolic blood pressures had a greater tendency 
to have a gap. 

Comparison of <Auscultation and Phono- 
cardiography. In some patients, gaps noted on 
direct auscultation of the arterial sounds were 
shown to be due to the subaudible amplitude of 
vibrations in the gap zone, which electronic 
amplification made clearly audible. Phono- 
eardiographic records showed the vibrations in 
the gap range to have a markedly lower ampli- 
tude than the sounds in the other pressure 
ranges (fig. 1). These results indicated that the 
gap was due in part to a limitation in hearing, 
rather than to a complete absence of vibrations 
This concept was supported by studies in which 
an induced reactive hyperemia enhanced the 
intensities of all the arterial sounds. 

Elimination of the Gap. The gap was elimi 
nated in every instance by producing a locé 
reactive hyperemia. This was accomplished by 
increasing the cuff pressure to a level above 
systolic and then having the patient clench th« 
fist 25 times; the increased blood flow following 
release of the tourniquet brought all the ar 
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TABLE 1.—Auscultatory Gap in Twenty Patients 


Ranges of the auscultatory gap (mm. Hg) 

Blood | - - - sesnininanstian 
Pressure | 
(mm. Hg) | 


Diagnosis With tourniquet 


Lying | Sitting | Standing Re pecs - 


Lying Sitting Standing exercise 
Generalized ar- 
teriosclerosis 
plus: 
— 180/90 | | 0 | oO 0 
— 170/90 0 0 0 
— 195/65 | 0 0 0 
Chronic bron- 210/100 190-170 | 190-170 | 180-160 
chitis 
Osteoarthritis 
Meningovascular 
syphilis 
Meningovascular 
syphilis 


190/100 160-150 | 160-150 
190/90 0 0 


170-160 
160-130 
180/90 160-130 | 160-140 | 160-140 
175/65 150-140 
180/70 | 0 0 


140-120 
160-140 


140-120 


Meningovascular 160-140 


syphilis 
240/70 210-180 0 0 
250/110 0 0 210-200 | 230-200 


210-170 
220-200 


200-180 
230-200 
170-160 
230-210 
210-180 


Chronic glomeru- 
lonephritis 
Osteoarthritis 
Chronie glome- 
rulonephritis 
Carcinoma of 
lung 
Carcinoma of 
lung 
Osteoarthritis 


260/110 0 0 
230/110 0 0 


210-180 | 200-190 
210-190 0 


200-180 
210-180 
190/60 0 170-140 0 


170-140 | 160-120 0 


230/90 0 200-170 0 200-180 | 210-200 0 
175/60 0 0 
180/90 0 

| 220/90 


210/90 


150-140 
140-120 0 

195-170 0 190-170 
190-170 | 200-180 | 200-180 


160-140 | 160-145 
160-140 | 160-140 | 
200-180 0 
190-160 190-160 


160-140 
160-140 
190-170 
190-170 
160-140 
290/110 | 240-220 | 240-220 260-240 250-220 
210-200 


240-220 | 240-220 


terial sounds above the hearing threshold. Such 
localized exercise has been shown by plethysmo- 
eraphic!! and other technics to produce a 


The results suggested, therefore, that the 
occurrence of the gap was associated with a 
reduced blood flow to the extremity. This con- 


narked increase in blood flow. This effect was 
‘nhanced when the blood flow to the extremity 
vas restricted by tourniquet during the exer- 
ise period. Coincident with the increased blood 
low, all the arterial sounds were markedly in- 
reased in intensity and duration, and a gap 
‘as no longer present. 

It has been shown in previous studies that 
active hyperemia, enhancing the blood flow 
) the region, increases the intensity and dura- 
‘on of the arterial sounds.® The maneuver has 
0 significant effects on the central blood 
ressure or on the pulse wave. 


cept was tested by the application of a tourni- 
quet to the forearm for the purpose of reducing 
the blood flow to the arm. 

Induced Auscultatory Gaps. To diminish the 
blood flow to the arm, a tourniquet, consisting 
of a sphygmomanometer cuff inflated to a 
pressure of 250 mm. Hg, was applied to the 
forearm. The blood pressure was then recorded 
according to conventional technics by increas- 
ing the pressure in the cuff on the upper arm to 
a level above systolic and permitting the cuff 
pressure to fall slowly. 

Under these conditions all the arterial 
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sounds were markedly decreased in intensity 
and duration, and the likelihood of a gap was 
increased. A gap was now found in all but 3 of 
the 20 subjects. The effect of position was 
inconsistent in the occurrence of these gaps. 
Similar tourniquet studies carried out on 20 
individuals without evidence of cardiovascular 
disease produced gaps in none of the subjects 
tested. 


200 
I95 


| omnes 


180 
175 
170 


165 
160 
155 
150 
145 
140 
135 
130 
125 
120 
115 
110 


105 
100 


Fig. 1. Arterial sounds demonstrating the auscul- 
tatory gap. The figure comprises a set of arterial 
sounds obtained as the cuff pressure was lowered 
from above systolic to below diastolic levels in a 
single continuous recording in a patient. Deviations 
from the horizontal galvanometer trace represent 
sound vibrations. The arterial sounds at systolic 
pressure (190 mm. Hg) are seen to have a greater 
intensity than those in the gap range (165 mm. Hg) 
where they virtually disappear. The amplitude and 
duration of the vibrations then increase again as the 
cuff pressure falls until the diastolic pressure is 
reached (105 mm. Hg) at which time no further 
audible vibrations are noted. 


These results, showing the increased tend- 
ency to gap in patients with arteriosclerotic 
heart disease during maneuvers that reduce 
blood flow to the extremity, indicate that the 
volume of blood flowing into the extremity is 
an important mechanism in the genesis of the 
gap. Since the systolic and mean blood pres- 
sures are high in such patients with arterio- 
sclerosis, a vasoconstrictive tendency in the 
blood vessels of the extremity would appear to 
be suggested. 


Discussion 


Our findings of spontaneous gaps in 3 of the 
20 subjects examined suggest that this phenom- 
enon is not uncommon in the aged patient with 
arteriosclerotic heart disease and systolic hyper- 
tension. The likelihood of a gap being present 
was increased in patients when the systolic 
blood pressure was excessively elevated, i.e., 
above 220 mm. Hg. It was found less com- 
monly when the patient was recumbent than 
when he was sitting or standing. A double gap 
was elicited on 3 occasions. 

The intensities and durations of the arterial 
sounds heard during blood pressure measure- 
ment are dependent, in part, on the relation of 
cuff pressure to blood pressure. These sounds 
are conventionally divided into 5 phases, but 
actually the pattern of the sounds may vary 
significantly from individual to individual, as 
well as changing with various cardiovascular 
conditions. The systolic level is usually charac- 
terized during the decompression of the cuff by 
a tapping sound (first phase) that increases in 
intensity and then sometimes changes to a 
softer sound (second phase). As the cuff is 
further deflated, an added murmur-like rumble 
increases the duration of the sound, ushering 
in the third phase. When the cuff pressure 
approaches the diastolic level, the sounds be- 
come muffled (fourth phase) and finally can no 
longer be heard (fifth phase). 

The auscultatory gap in arteriosclerotic 
heart disease is most frequently noted within 
40 mm. Hg of the systolic pressure when the 
arterial sounds become softer, during the 
second phase. 

The present data are consonant with the 
point of view that the occurrence of the gap is 





RODBARD AND MARGOLIS 853 


ated to a reduction in the intensities of the 

rations in the gap range, rather than to 

' eir complete elimination. That vibrations are 
tually produced in the gap range is suggested 

the consistent demonstration of sounds in 

is range with adequate electronic amplifica- 

m. The amplitudes and durations of the 

unds in the gap range, however, are signifi- 
- ntly less than those recorded in other ranges 

the blood pressure determination. 

The magnitude and duration of the vibra- 

ms produced at the compressed artery are 

fected to a marked degree by the blood flow 
trough the vessel, as indicated by both clinical 
and hydrodynamic studies. With increased flow 
the intensities and durations of the sounds are 
increased. This effect is seen strikingly after 
the induction of reactive hyperemia, which 
intensifies all the arterial sounds so that a gap 
can no longer be demonstrated. 

By contrast, when the blood flow through 
the compressed artery is obstructed as by a 
tourniquet immediately beyond the stetho- 
scope, the arterial sounds become much weaker 
and more difficult to hear. The likelihood of a 
gap is thereby enhanced. After placement of 
the tourniquet a gap could be elicited in pa- 
tients in whom none was discerned during the 
previous blood pressure measurements. 

The pulse is present at the radial artery 
during the gap phase even though the sounds 
at the brachial artery fade. The pulsations 
may be very forceful even though only a 
limited blood flow is taking place through the 
palpated artery. Thus, the strength of the 
pulse, often used as an index of extremity blood 
flow, may be marked, despite evidence that the 
blood flow is restricted. 

The present findings indicate that the 
orterial sounds have value in the appraisal of 
he clinical status of the patient. Thus, when 
he sounds are faint, a reduced blood flow to 

1e extremity may be presumed. This reduced 

eripheral flow might be expected in older 
atients with systolic hypertension and arterio- 
‘lerotic heart disease in whom cardiac reserve 

id output are limited. It is likely that active 

isoregulatory mechanisms” ration the major 

ortion of the restricted cardiac output to 
iscular beds in the central nervous system, 


the heart and other vital structures, while the 
extremities receive only a limited flow. This 
effect is probably enhanced in the sitting or 
standing position. Clinical evidence of a re- 
duced blood flow to the arms and legs in ar- 
teriosclerotic heart disease is seen in the cold 
extremities, intermittent claudication, and 
peripheral cyanosis so common in this age 
period. The presence of diminished arterial 
sounds and especially of a gap may thus be 
considered as a sign of peripheral vasospastic 
activity. 


SUMMARY 


Evidence is presented that auscultatory gaps 
heard in patients with arteriosclerotic heart 
disease may be associated with a reduced blood 
flow to the extremity. Further reduction of 
such flow, as by application of a tourniquet. 
increased the likelihood of a gap. Contrariwise, 
increase in extremity blood flow eliminated the 
gap in every instance. Vibrations are present 
in the gap range, but these are subaudible; 
electronic amplification may bring these sounds 
to audible levels. The clinical implications of 
these findings are discussed. 


SUMMARIO IN INTERLINGUA 


Es documentate le these que le lacunas 
auscultatori notate in patientes con arterio- 
sclerotic morbo cardiac es associate con un 
reduction del fluxo sanguinee verso le extremi- 
tates. Reductiones additional de ille fluxo—per 
exemplo per le application de un tourniquet— 
augmenta le probabilitate del occurrentia de 
lacunas. Del altere latere, le augmento del 
fluxo sanguinee verso le extremitates eliminava 
le lacunas in omne casos. II existe vibrationes 
durante le lacunas, sed iste vibrationes es infra 
le limines del audibilitate. Per medio de un 
amplification electronic il es possibile render 
tal sonos audibile. Es discutite le implicationes 
clinic de iste constatationes. 
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Although there is little doubt that a clinical syndrome characterized by diabetes, edema, hyper- 
tension, proteinuria, azotemia, and diabetic retinopathy is found in about 10 to 15 per cent of 
patients with the specific Kimmelstiel-Wilson nodular lesion of the glomerulus, similar symptoms 
and signs may be found in patients without this specific lesion. The diagnosis of this syndrome is 
further helped by the finding of doubly refractile lipoid cells and casts in the urinary sediment 
and may be confirmed during life by renal biopsy. It is also well known that anatomically proved 
eases of this condition may not be identified during life because of the paucity or lack of clinical 
findings. The earliest clinical signs of the disease may be detected in diabetic patients by repeated 
ophthalmoscopic examinations for the retinal micro-aneurysms that coexist with the glomerular 
involvement. Doubly refractile bodies in the urine may also possibly be an early finding. 

In regard to pathogenesis, controversy exists as to the effects of control of diabetes on the de- 
velopment of the renal and retinal lesions. In the author’s experience no real differences in the 
insulin requirements or frequency of episodes of acidosis are apparent between diabetic patients 
with and without the specific renal lesion. It has been established that the duration of diabetes is 
an important factor in pathogenesis, but the time factor may vary from as little as 6 years to as 
long as 25 years. Some interesting biochemical alterations regarding tissue concentrations of muco- 
polysaccharides, lipids, and lipoproteins have been reported in this condition, but the present 
evidence is too fragmentary to allow a definite causal relationship of these substances to the renal 
and glomerular lesions. Recent studies have also indicated a possible relationship between in- 
creased pituitary-adrenal cortical activity and the development of the specific vascular lesions, 
but it is much too early to come to any definite conclusions. As yet no real therapeutic regimen is 
available for these patients. 

SAGALL 





Comparison of Mercurial Diuretics and Bed Rest in 
Normal and Toxemic Pregnancies 


By N.S. Assaut, M.D., J. Vosk1an, M.D., anv J. Router, M.D. 


With the technical assistance of M. Ross 


Recent reports have indicated that oral organomercurial compounds are effective in promoting 
diuresis in edematous states. In the majority of these studies, however, salt restriction, bed rest, 
and other medications were used. Therefore, the diuretic effects of the oral mercurials alone have 
not been properly assessed. In the present report, the effects of oral mercurials on water and elec- 
trolyte excretion were studied in normal and toxemic pregnancies and were compared to effects 
induced by bed rest and by injectable organomercurial agents. 


FINHE effectiveness of mercurial diuretics 


i. when given parenterally has been well ’ 


demonstrated in man and animals.' Recently 
oral organomercurial preparations have been 
used by several authors in the management of 
edematous states.?-§ Satisfactory results have 
heen reported depending to a large extent on 
the dose given. In most of these reports, how- 
ever, low-sodium diet, other diuretic and 
cardiac medication, or bed rest was also used. 
Therefore, the efficacy of the orally admin- 
istered mercurials alone has not been satis- 
factorily assessed. 

The present study was aimed at investigating 
the action of oral organomercurial agents on 
the renal excretion of water and electrolytes in 
the edema of normally pregnant and toxemic 
patients. The effects of bed rest alone were 
similarly investigated. These results were then 
compared to those obtained from a_ similar 
group of patients to whom intramuscular 
organomercurial drugs had been administered. 


MATERIAL AND MetTHOoDS 


A total of 37* patients whose ages varied from 
8 to 40 years were studied: 29 had toxemia of preg- 


From the Department of Obstetrics and Gyne- 
ology, University of California at Los Angeles and 
he Department of Obstetrics and Gynecology, the 
farbor County General Hospital, Los Angeles, Calif. 

The investigation was supported in part by Grants 
rom the National Heart Institute, National In- 
titutes of Health, the Public Health Services. 

* Another group of 7 toxemic patients were studied 
uring the administration of oral mercurials in doses 
maller than the reported effective dose. Since no 
fects were observed, they were not included in this 
‘port. 


nancy and 8 were normally pregnant. All patients 
were in the last trimester of gestation. The criteria 
for the diagnosis of toxemia have been outlined 
elsewhere.’ 

The patients were in the hospital at bed rest 
without any specific medication throughout the 
periods of study (the normally pregnant patients 
were permitted to ambulate for 1 to 2 hours a day). 
They all received the same daily diet, that contained 
approximately 100 Gm. of fat, 100 Gm. of protein, 
200 Gm. of carbohydrate, and 85 mEq. of sodium 
as sodium chloride. 

The study was divided into 3 consecutive periods. 
The first period lasted from 4 to 5 days and served 
as a control. During the second period, which lasted 
from 4 to 5 days, an organomercurial compound 
was given either orally in 3 doses totaling 6 to 8 
tablets or intramuscularly in the dose of 1 to 2 ml. 
every 24 hours. The third period served as a re- 
covery period and lasted for 3 to 4 days. In assessing 
the effects of bed rest alone, a group of 4 patients 
at bed rest without other therapy were studied dur- 
ing the same number of days. 

Two oral and 2 injectable organomercurial com- 
pounds were used. Neohydrin{ (3-chloromercuri, 
2-methoxypropyl urea) was given orally to 5 normal 
and 10 toxemic patients and Metroxf (1-(3-hydroxy- 
mercuri-2-methoxypropyl)-biuret) was given to 3 
normal and 5 toxemic patients. Mercuhydrin (mel- 
larulide) and Mersoben,{ 3-(2-hydroxy-3 (-d-gluco- 
pentahydroxyhexyl-mereapto mercuri) - propy]]-d- 
mannitol were given intramuscularly to 5 toxemic 
patients each. 


t Neohydrin and Mercuhydrin were furnished 
through the courtesy of Lakeside Laboratories. Each 
tablet of Neohydrin contains 10 mg. of mercury so 
the total dose of mercury varied between 60 and 
80 mg. 

t Metrox and Mersoben were furnished by Ciba 
Pharmaceutical Products. Each tablet of Metrox 
contains 20 mg. of mercury so the total dose given 
of this compound varied between 120 and 160 mg. of 
mercury. 


Circulation, Volume XV, June 1957 
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During each period, the patient’s weight, blo 
pressure, and fluid intake and output were record 
daily. Arterialized blood samples were collect 
anaerobically without stasis from an antecubi 
vein after soaking the arm in warm water for 10 
15 minutes. Twenty-four-hour urine specimens p 
served with toluene and kept refrigerated were ¢ 
lected throughout the study and served for analy 
of ammonia, titratable acids, and electrolytes. 7 
completeness of urine collections was checked + 
the creatinine excretion. Plasma pH, carbon dioxi 
content, sodium, chloride, and potassium as well 
urinary ammonia, titratable acids, and electroly 
were determined by methods previously describe: 7 


REsuULTs* 


The administration of oral organomercuri: | 
drugs to either normally pregnant or toxemic 
patients resulted in a weight loss of 1 to 2 Keg. 
that was not regained after cessation of ther- 
apy. A slight increase in urine output along 
with a moderate increase in sodium, potas- 
sium, and chloride excretion was also observed, 
particularly during the Neohydrin administra- 
tion. There was no change in either the plasma 
electrolytes or in blood pH or carbon dioxide. 
Similarly, urine pH and the excretion of am- 
monia and titratable acids remained the same. 
The patients with toxemia of pregnancy ex- 
creted significantly less electrolytes than those 
with normal pregnancy during the control 
period and continued to do so during the 
treatment period. 

In the group of patients studied with bed 
rest alone, the changes in weight, urine output, 
sodium, potassium, and chloride excretion were 
similar to those observed during the administra- 
tion of the oral mercurial compounds, Calcula- 
tion of the significance of the differences be 

Fic. 1 Top. Sodium excretion in the urine in 
duced by oral mercurials, bed rest, and injectable 
mercurials in patients with toxemia of pregnancy 

Fic. 2 Middle. Urinary potassium excretion dur 
ing the administration of oral and injectable mer 
curials and bed rest. The difference between ora 
mercurials and bed rest was not significant. 

Fic. 3 Bottom. Urinary chloride excretion pro 
duced by injectable and oral mercurials and by bec 
rest. 

* Detailed data on changes in blood and urine com 
positions are listed in 8 tables that have been de 
posited with the ADI Auxiliary Publications Project 
Photoduplication Service, Library of Congress 
Copies may be obtained from this Service (ADI doc 
ument no. 5112) for $1.25, or from the author. 
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en the mean of the groups of patients 
ated with oral mercurials and the means of 
: patients treated with bed rest was made by 
nputing Student’s t for each pair of values 
cording to the method of Fisher.’ The dif- 
‘ence between bed rest and oral organomer- 
rials was not significant (p > .5). 
Intramuscular administration of organo- 
ercurial compounds resulted in a weight loss 
irying from 5 to 8 Kg. over the entire treat- 
ent period and the patients continued to lose 
eight after cessation of therapy. The loss of 
eight was mainly due to a marked increase 
it) the excretion of water and electrolytes. The 
s atistical difference between the means of the 
groups of patients given injectable organomer- 
curials and the patients kept at bed rest was 
highly significant (p = .001) and so was the 
difference between injectable and oral organo- 
mercurials. 


Figures 1-3 compare the effects of bed rest, 
and of oral and injectable mercurials on 
sodium, potassium, and chloride excretions. It 
is evident that the effects of bed rest and of 
oral mercurials were very close and they differ 


markedly from the effects of injectable mer- 
curials irrespective of the type of mercurial 
compound utilized. 

Side Effects. The side effects caused by oral 
administration of organomercurials were more 
conspicuous when 6 to 8 tablets were given. 
They consisted mostly of nausea, abdominal 
cramps, and in a few instances diarrhea and 
vomiting. These side effects, however, were not 
severe enough to warrant discontinuation of 
therapy. 


Discussion 
The present data show that the 2 oral 
organomercurial compounds did not have a 
significant diuretic action in normal and 
(oxemic pregnancies and that the slight effects 
cn weight and electrolyte excretion might have 
een due to bed rest. These results are in con- 
‘rast to those obtained by Moyer and his co- 
orkers?: *: § and by others*: > in patients with 
iwdiac edema, and by Dyer and his associ- 
:tes® in patients with toxemia of pregnancy. 
loyer® found a significant weight reduction in 
‘mbulatory cardiac patients 2 days after the 
‘ Iministration of 6 to 8 tablets of Neohydrin. 


However, no metabolic data were given by 
these authors and the conditions of the experi- 
ment were entirely different from those carried 
out here. The group of hospitalized patients 
studied by Dyer and his associates? were on a 
regime of salt restriction, bed rest, and other 
specific medications for toxemia, so that it 
would be difficult to state how much of the 
weight reduction was due to oral mercurials. 
Greiner and co-workers" assayed 3 oral organo- 
mercurials: 2 were found to be ineffective and 1 
(Neohydrin) had one fourth of the activity of 
its injectable form. The patients studied by 
Greiner were also ambulatory in the outpatient 
department and reduction in weight was the 
only criterion of effectiveness utilized. 

Two possible explanations could be given 
for the lack of striking results with oral 
organomercurials observed in the present 
study: (a) the dose was too small, and (b) 
pregnant patients have impairment in the in- 
testinal absorption of mercury. The first 
hypothesis probably may be discarded, since 
the dose and mode of oral administration 
utilized here were not different from those 
used by others with the exception of Greiner.!° 
This author administered the whole amount (1 
to 9 tablets) as a single dose, so that the dis- 
crepancy between his and our results may be 
due to this difference in administration. 

The second hypothesis receives support from 
the fact that intestinal absorption is known to 
be impaired in pregnancy due to the over-all 
hypotonicity of smooth muscles. So, it is pos- 
sible that the fraction of mercury absorbed 
through the intestines was not sufficient to 
produce the desired diuresis. Studies on blood 
levels of mercury are in progress in order to 
elucidate this point. 

The diuretic effects of injectable mercurials 
were certainly striking since, regardless of the 
preparation utilized, the patients invariably 
lost a significant amount of weight, mainly due 
to increased loss of water and electrolytes by 
the kidneys. Furthermore, despite the large 
dose employed, the side effects were practically 
nonexistent when the intramuscular route was 
employed. These properties of excellent diuretic 
action along with minimal side effects make 
injectable mercurials particularly suitable in 
the management of edema of pregnancy. 
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Nevertheless, the use of mercurials in obstetrics 
has been condemned by obstetricians on the 
theory that damage to the kidneys may occur 
and because the effects on the fetus are not 
known. In view of our observations and other 
reports" the fear of using mercurial diuretics 
in pregnancy does not seem well founded, in 
fact these agents may well be indicated in the 
cases of edema of pregnancy resistant to other 
simpler therapeutic regimens. 


SUMMARY 

The diuretic effects of oral organomercurials 
(Neohydrin and Metrox) were compared to 
those induced by bed rest and by injectable 
mercurials (Mercuhydrin and Mersoben) in 
groups of normally pregnant and toxemic pa- 
tients. No significant difference existed be- 
tween the effects of oral mercurials and bed 
rest. Injectable mercurials produced marked 
diuretic effects, which were significantly dif- 
ferent from those induced by oral mercurials 
and bed rest. It is suggested that the lack of 
diuresis of the oral mercurials might be due to 
impairment of intestinal absorption for mercury 
during pregnancy. 


SUMMARIO IN INTERLINGUA 


Le effectos diuretic de oral organomercu- 
riales (Neohydrina e Metrox) esseva com- 
parate con le effectos diuretic de allectamento 
e injicibile mercuriales (Mercuhydrina e Mer- 
soben) in gruppos de gravidas normal e toxemic. 
Nulle significative differentias existeva inter le 
effectos de mercuriales oral e allectamento. 
Mercuriales del typo injicibile produceva mar- 
cate effectos diuretic que esseva significative- 
mente differente ab le effectos inducite per 
mercuriales oral e per allectamento. Es formu- 
late le possibilitate que le manco de diurese 
per mercuriales oral es explicabile per un 
obstruite absorption intestinal de mercurio 
durante le pregnantia. 
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Significance of Pulmonary Elastic and Viscous 
Resistance in Orthopnea 


By R. M. Cuerniack, M.D., T. E. Cuppy, M.D., ann J. B. Armstrone, M.D. 


The mechanical properties of the lungs were measured in the sitting and supine positions in 5 normal 
subjects and in 5 patients with orthopnea due to congestive heart failure. The patients had higher 
elastic and viscous resistances in the sitting position. Recumbency increased both resistances in 
both groups but there was a disproportionate increase in the viscous resistance of the patients. 
This increase was most marked in late expiration and early inspiration. The significance of these 


findings to orthopnea is discussed. 


’ F\HE mechanical properties of the lungs that 

oppose the action of the respiratory mus- 
cles consist of 2 types of resistance—elastic 
und viscous. Both are operative during lung 
movement but under static conditions only 
the elastic resistance is reflected in the pressure 
required to maintain any given state of infla- 
tion. During movement the viscous resistance 
comes into play and its additional effect on the 
pressure depends on both the resistance to air 
flow and the resistance to distortion of the 
nonelastic elements of the lung. Thus, by 
measuring the pressure differential across the 
lung under appropriate circumstances, it is 
possible to obtain estimates of both the elastic 
and viscous properties of the lung. 

In 1917 Peabody! ascribed the dyspnea of 
congestive heart failure to an abnormality of 
the mechanical properties of the lungs. More 
recently orthopnea has been explained on a 
similar basis, an increase in the elastic resist- 
ance being thought to be an important fac- 
tor.-> The purpose of this paper is to report 
measurements of the elastic and viscous resist- 
ances in the erect and supine position. These 
show that the viscous resistance may be of 
vreater consequence than the elastic in the 
genesis of orthopnea. 


MertTHOD 


The subjects were 5 normal individuals and 5 
itients with congestive heart failure due to rheu- 
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matie or arteriosclerotic heart disease (table 1). At 
the time of study all patients had some degree of 
respiratory distress while lying down in addition to 
venous distention, basal pulmonary congestion, 
hepatomegaly, and peripheral edema. They also had 
a reduction in vital capacity and maximal breathing 
capacity as measured in the sitting position when 
compared to the predicted values calculated by the 
methods described by Baldwin, Cournand, and 
Richards.*® 

The mechanical properties of the lungs were 
measured and calculated by methods essentially the 
same as that previously described.” The effective 
intrathoracic pressure was measured by means of a 
strain-gage transducer connected on one side to an 
air-filled thin-walled latex balloon in the lower third 
of the esophagus and on the other side to the mouth- 
piece of a pneumotachometer (mesh stainless steel 
screen). 

The rate of air flow into and out of the lungs was 
determined by measuring the pressure drop across 
the mesh stainless steel screen with a differential 
pressure strain-gage transducer (maximum range 
+0.05 p.s.i.) Tracings of the air flow and esophageal- 
mouth differential pressure were recorded on a San- 
born Polyviso recorder. The volume of air breathed 
was determined by measuring the area under the 
pneumotachograph with a planimeter. The pneumo- 
tachometer was calibrated with rotameters and the 
pressure gage was calibrated with a water manom- 
eter after each study. 

Simultaneous measurements of the pressure and 
volume changes from end expiration, determined at 
intervals of 0.2 second, were plotted one against the 
other during a complete breathing cycle. This plot 
produced a pressure volume loop from which the 
following information was derived. 

Elastic Resistance. The pressure required to over- 
come the elastic resistance of the lungs during the 
breathing cycle was determined from the slope of a 
line joining the points of no flow at end expiration 
and end inspiration. The elastic properties of the 
lung were expressed as the index of elastic resistance, 
which is the number of centimeters of water static 
pressure change required to produce and maintain a 
change of 1 L. in lung volume. 
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TABLE 1.—Clinical Data of Five Normal Subjects and Viscous Resistance. The pressure required to ov«r- 
Five Patients with Congestive Heart Failure come viscous resistance at any particular time dur 


ig 
a respiratory cycle was ascertained from the pressu 
van ane Pee volume loop by subtracting from the intrathora ic 
Patient and age Height) Cardiac — pressure the pressure required to overcome } \¢ 
es Pre Ob- | Pre- | Ob elastic resistance at that instant. The pressu es 
dicted | served | dicted | served developed against the viscous resistance were plot: .d 
aoe eee against simultaneously recorded rates of air flow a id 
ents the pressure existing at flow rates of 30 L. per mini te 
R.N.. 33 5580 was chosen to express the viscous resistance. 
B.B.. 16 3730 Work of Breathing. The area of the pressu 
R. K.. 24 6260 volume loop represented the mechanical work deo ie 
H.J..27 5580 on the lungs in order to overcome viscous resistar ‘¢ 
HK. 21 and was expressed in kilogram centimeters. 
es _ The mechanical work required to overcome el:.s- 
Cuties ve tic resistance was obtained from the area of the rig] 
tilted angled triangle whose hypotenuse was formed by te 
H.D..67. 170. AHD line joining the points of end expiration and end i 
L. L.+44 | 168) RHD | 2950 | 2237) 90! 39 spiration as deseribed by Mellroy, Marshall, an 
K.. 70 173 RHD | 3450 | 2802 92 73 Christie,’ and was expressed in kilogram centimete: 
E. H..77 i78 AHD 3530 | 2395 The total work done on the lungs was calculati | 
L. W..66 | 168 | AHD | 3320! 1160| 75] 33 by adding the elastic work, the inspiratory Viscous 
; work, and the portion of the expiratory viscous wor\ 
* AH])—Arteriosclerotic heart disease; RHD that fell outside the elastic work area. 
Rheumatic heart disease. The work per minute was calculated by mult 
+ Female, all others male. plying the work per breath by the respiratory rate 


S 


TaBLe 2.—I ndex of Elastic Resistance and the Viscous Resistance in Five Normal Subjects and Five 
Patients with Congestive Heart Failure in Sitting and Supine Positions 


*x of elastic resistance “ ; ; : 
Index « - at O/L) ae Viscous resistance pressure (cm. H2O) to produce flow 30 L./min. 
Ac . 2 4. 


: Sitting Supine* 
Subject 


Sitting Supine 


High 


Normal subjects 


Mean 
Cardiac patients 
B.D. 86 21.74 
L. L. . 14.92 
S. K. . 9.62 
E. H. : 11.00 
iW. 21. 15.40 


ao 


ow © b& be 
—m bdo bw Oo 


Mean 12.47 15.54 8 2.6 

* Viscous resistance in the supine position is shown separately at high and low levels of lung in- 
flation because of the marked effect of lung expansion on the viscous resistance seen in the supine 
cardiac patients. 
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The index of elastic resistance was calculated 
om the average of 10 to 20 breaths. Viscous resist- 
nee and the work done on the lungs were calculated 
om the average of 4 to 5 breaths. 

The subjects were studied in the sitting position 
nd again 5 to 15 minutes after the assumption of 
1e supine position. Patient L. W. was an exception 
1 that he was supported at an angle of 30 degrees 
secause of his inability to lie flat. 


RESULTS 

Elastic Resistance. Table 2 shows that in the 
itting position the index of elastic resistance 
vas higher in the patients with congestive 
eart failure than in the normal subjects. 
\ssumption of the supine position increased its 
value in all the normal and in 4 of the 5 cardiac 
subjects, the fifth being unable to lie flat. 

Viscous Resistance. It will be seen in table 2 
that the viscous resistance in the sitting posi- 
tion was higher in the cardiac than in the 
normal subjects. Figure 1 shows that this was 
true at all rates of air flow. The greater viscous 
resistance in the cardiac patients is indicated 
by the greater pressure required to produce a 
siven flow. 

On lying down, an increase in viscous resist- 
tance occurred in both groups of subjects 
(table 2). In normal subjects the increase was 
spread uniformly over the respiratory cycle 


NORMAL 


FLOW (L/min) 


4 
PRESS (cmH,0) 


SITTING 


CONGESTIVE 


but in patients with congestive heart failure 
the increase was not uniform, being particularly 
marked at the beginning of inspiration and at 
the end of expiration. The relationship of vis- 
cous resistance to the respiratory cycle in the 
supine position is shown in figure 2 for the 
same subjects as shown in figure 1. It will be 
seen that in the cardiac patient a greater 
pressure was required to produce a given flow 
at the beginning of inspiration than was re- 
quired as inspiration progressed. In expiration, 
a lower pressure was required at the beginning 
of expiration than was required as expiration 
progressed. The data in table 2 indicate that 
this was true for all the cardiac patients and 
was not apparent in the normal subjects. 


Work of Breathing 


In the sitting position the work performed 
on the lungs against both the viscous and 
elastic resistances was greater for the cardiac 
than the normal subjects (table 3). Similarly, 
the total work of breathing was much greater 
in the cardiac than in the normal subjects. 

The assumption of the supine position did 
not result in an increase in the elastic work of 
breathing in either group, as a decrease in 
minute volume offset the increase in the index 


HEART FAILURE 


FLOW (L/min) 


Fig. 1. Viscous pressure-flow curves for a typical normal subject (H. K.) and a patient with congestive 
eart failure (S. K.) measured in the sitting position. Data from 4-5 breaths. (Inspiration is represented in the 
ipper right quadrant, expiration is represented in the lower left quadrant.) 
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TaBLeE 3.—Work of Breathing of Five Normal Sub- 
jects and Five Patients with Congestive Heart Failure 
Measured in the Sitting and Supine Positions 


Work of Breathing (Kg. cm./min.) 


Subject Elastic Viscous Total 
Sitting Supine Sitting | Supine | Sitting | Supine 


Normal sub- 


jects 
R.N. 26.4 | 27.1) 26.9 | 27.9 | 39.9 | 41.1 
B. B. 11.0 | 17.2; 25.6 | 17.2 | 23.8 | 25.8 
RK. 39.6 | 34.9 49.6 | 92.4 | 64.4 | 81.1 
H. J. 49.4 | 34.9) 39.2 | 40.9 | 69.0 | 55.4 
H. K. 32.2 | 40.7; 18.9 | 37.5 | 41.7 | 59.5 
Mean 31.7 | 31.0) 32.0 | 43.2 | 47.8 | 52.5 


Cardiac pa- 


tients 
H..D. 57.8 | 87.6101.4 152.0 123.7 186.3 
L. L. 58.0 | 66.1) 99.0 132.5 |122.4 152.1 
S. K. 39.2 | 40.0, 36.3 |122.5 | 62.8 119.6 
E. H. 120.1 | 94.9140.6 180.2 |211.6 211.9 
L. W. 40.9 | 35.6) 53.8 | 72.9 | 75.9 | 82.0 
Mean 63.2 | 64.4) 86.2 


132.0 {119.3 |150.4 


of elastic resistance shown in table 2. The main 
effect of recumbency was to increase the work 
required to overcome viscous resistance. The 
average increase was approximately 30 per 
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CONGESTIVE 


Fig. 2. Viscous pressure-flow curves in the supine position for the same patients shown in figure 1. Data from 
4-5 breaths. (Inspiration is represented in the upper right quadrant; expiration in the lower left quadrant.) 
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cent in the normal subjects while in those with 
congestive failure it was over 50 per cent of the 
already very high value. Consequently in the 
supine position the total work of breathing 
tended to be increased in both groups but the 
effect was most pronounced in the cardiac 
patients. It is of interest that the one patient 
(L.W.) who could not lie flat, did not have an 
increase in elastic resistance or elastic work 
but did have a marked increase in viscous 
resistance and viscous work. 


DISCUSSION 


The results of this study confirm the observa- 
tions of others*"' that elastic and nonelastic 
resistance is elevated in congestive heart 
failure in the sitting position. This is presum 
ably related to the increased pulmonary blood 
volume believed to be present in this con 
dition.” 

The assumption of the supine position 
resulted in an increase in the viscous resistanc: 
and viscous work of breathing that was mor: 
pronounced than the increase in elastic resist 
ance and elastic work of breathing. This wa 
particularly marked in patients with congestiv: 
heart failure. It is logical, therefore, to relat: 
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o1 ‘hopnea to the increase in viscous resistance 
it luceed by the assumption of the supine 
p sition. 

An explanation of the effect of the recumbent 
p sition on the viscous resistance of the lungs 
) ust include an explanation of the peculiar 
r-lationship of this resistance to the state of 
li. ng inflation. A similar but less marked effect 
© lung inflation has been observed in normal 
sibjects while breathing in an_ expiratory 
position or during forced expiration and in 
emphysematous subjects during expiration." 
‘hese observations suggest that the high 
Viscous resistance at low lung volumes is due to 
narrowing of the air passages in this state. 
Patients with congestive heart failure in the 
supine position would be especially likely to 
show this phenomenon because of congestion 
and edema tending to obstruct the air passages. 
As the lungs expand these passages would be 
opened, lowering the resistance to air flow. 

In assessing the effect of recumbency on 
respiration, consideration should be given to 
the faet that the brunt of the increase in vis- 
cous resistance fell in late expiration and early 
inspiration. It is believed that this concentra- 
tion of the resistance to breathing on one part 
of the respiratory cycle would have a more 
disturbing effect than if its equivalent were 
spread over the whole cycle. If this be true, 
the values for the work of breathing reported 
in table 3 underestimate the adverse effect of 
recumbency. In any case, the values show that 
the total work of breathing of the supine 
cardiae patient was approximately 25 per cent 
vreater than that of the sitting cardiac patient 
and that this difference was attributable to 
the difference in the work against viscous resist- 
anee, 


SUMMARY 


The assumption of the supine position re- 
ilted in a marked increase in viscous resistance 
| patients with congestive heart failure. The 
\ajor part of this increased resistance occurred 

the end of expiration and beginning of 
spiration when lung volumes were low. As a 
msequence, the work of breathing in patients 
ith congestive heart failure in the supine 


position was increased by 25 per cent. The 
dyspnea of recumbency in these patients is 
tentatively attributed to interference with the 
patency of the respiratory passages at low 
levels of lung inflation. 
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SUMMARIO IN INTERLINGUA 


Post prender un position decubital, patientes 
con congestive disfallimento cardiac mani- 
festava marcate augmentos del resistentia 
viscose. Le major portion de iste augmentos 
occurreva al fin del expiration e al comencia- 
mento del inspiration quando le volumine 
pulmonar esseva basse. In consequentia de 
isto, le labor respiratori in patientes con con- 
gestive disfallimento cardiac esseva augmentate 
per 25 pro cento durante que illes se trovava 
in un position decubital. Le dyspnea decubital 
in iste patientes es tentativemente attribuite 
al obstruction del libere passage in le vias 
respiratori a basse nivellos del inflation pul- 
monar. 
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Although epinephrine, norepinephrine, and isopropylarterenol caused markedly different vaso- 
motor responses in many vascular beds, their effects on the coronary bed were qualitatively similar. 
All 3 amines caused dilatation of the coronary vessels, as measured by decreases in resistance to 
blood flow measured by an electromagnetic flowmeter (cannulated anterior descending ramus of 
dog). It was conspicuous that all of them increased myocardial contraction as estimated from 
the effects on flow during isometric contraction, resistance at systole, and amplitude of the intra- 
coronary systolic pressure. The greater effectiveness in hypotensive states of norepinephrine, as 
compared with epinephrine, would appear to be due to differences in their systemic rather than 
their cardiac effects, since the direct effects on the myocardium were similar. 
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Stenosis of a Branch of the Pulmonary Artery 


An Additional Cause of Continuous Murmurs over the Chest 


By Freperic Evprivce, M.D., Arruur SELzER, M.D., anp HreErRBerT HuLtrGren, M.D. 


Three patients have been demonstrated by cardiac catheterization to have stenosis of a main 
branch of the pulmonary artery. Two exhibited continuous ductus-like murmurs at the chest 
wall over the site of stenosis. Demonstration of a pressure gradient throughout the cardiac cycle 
at the site of stenosis in these 2 patients and the experimental production in the dog of a continuous 
murmur at the site of partial constriction of a pulmonary artery prove that the murmur is due to 
the stenosis. This anomaly should be added to the differential diagnosis of continuous murmurs over 


the chest. 


YTENOSIS of a main branch of the pulmo- 
4 nary artery has been previously considered 
very rare. Bredt! and Ménckeberg? believed 
that it never occurred independently of stenosis 
of the pulmonary orifice. Schwalbe* in his 
comprehensive survey of malformations re- 
ferred to 4 reported instances, but a review of 
the original reports reveals only 2 in which 
narrowing of a branch of an otherwise normal 
pulmonary artery was present,':® the other 2 
being patients with absence of either the right 
left pulmonary artery. In 1938 Oppen- 
heimer® reported a stricture of the right pul- 
monary artery and of the lower branch of the 
left pulmonary artery in a_ 17-month-old 
infant. Four patients with stenosis at the area 
of the bifurcation of the pulmonary artery and 
insertion of the ligamentum arteriosum have 
heen discovered at operation by Schumaker and 
Lurie? and Sgndergaard.’ Kjellberg and _ his 
associates?’ mention having seen a case of 
supravalvular stricture of the main pulmonary 
urtery. Arvidsson 


or 


and his associates!®-”  re- 
cently reported 4 patients with pulmonary 
l:ypertension in whom multiple stenoses of the 
main branches of the pulmonary artery were 
demonstrated by selective angiography. In 1 
of these patients a continuous murmur was 
present over the upper chest. 

In this communication 3 additional patients 
‘ith stenotic lesions of the main branches of 


From the Department of Medicine of the Stanford 
niversity School of Medicine, San Francisco, Calif. 
Frederic Eldridge and Herbert Hultgren are 
holars in Medical Science of the John and Mary R. 
\larkle Foundation. 


86. 


~ 


4) 


the pulmonary artery are described including 2 
patients manifesting continuous murmurs. 
Experimental evidence is also presented that a 
continuous murmur can be produced by con- 
striction of the main branches of the pulmonary 
artery. 


CasE Reports 


Case 1. G.T., a 7-year-old Negro girl, entered the 
Stanford University Hospital in February 1956 with 
the history of a heart murmur and congenital ab- 
sence of the right radius having been noted at the 
age of 1 year. She had been asymptomatic except 
for several episodes of pneumonitis. 

She was an alert, active girl. Her brachial blood 
pressure was 94/66 mm. Hg. There was shortening 
and radial deviation of the right forearm. The lungs 
were clear. The heart was regular. At the pulmonic 
area the second sound was loud and slightly split. 
There was a grade III murmur filling systole over 
the left precordium, and a loud continuous murmur 
of grade IV intensity was heard at the right second 
intercostal space just medial to the midclavicular 
line. This murmur was well transmitted to the right 
axilla and back. 

The urinalysis and blood count were not remark- 
able. The electrocardiogram showed high voltage R 
waves over the right precordium, compatible with 
right ventricular hypertrophy. X-ray pictures 
showed marked pulmonary plethora, right ventricu- 
lar enlargement, and widening of the superior medi- 
astinum. A phonocardiogram (fig. 1) demonstrated 
a continuous murmur over the second intercostal 
space, just medial to the right midclavicular line 
and a loud, slightly split second sound in the pul- 
monic area. The continuous murmur was essentially 
similar to the machinery murmur produced by the 
usual uncomplicated patent ductus. The murmur 
appeared about 0.06 second after the peak of the 
apical first sound, increased to maximal intensity 
just before or at the time of the second sound, and 
faded away in diastole. The diastolic component 
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Fic. 1. Case 1. The top tracing shows pressures obtained during withdrawal of the cardiac catheter 
from right lung. The pressure in the distal right pulmonary artery shows a systolic dip due to the 
Venturi effect. Next is a sharp rise in pressure as the catheter tip is withdrawn to the proximal right 
pulmonary artery, and then a further sharp rise of pressure in the main pulmonary artery. Both sharp 


rises of pressure indicate sites of stenosis. The lower 2 tracings are phonocardiograms showing the 
continuous murmur heard in the right second intercostal space and the heart sounds as heard in the 
pulmonic area. The first and second heart sounds are shown on both tracings by the numbers 1 and 2. 


appeared to diminish in intensity readily during 
expiration. 

Cardiac catheterization revealed a high oxygen 
saturation in the superior vena cava (86 per cent) 
and the right atrial oxygen saturation was higher 
than that in the inferior vena cava. In addition, 
there were arterial anoxemia, moderate pulmonary 
hypertension, and at least 2 sites of stenosis in the 
right main pulmonary artery (table 1 and fig. 1). 
The pressure tracing recorded during the withdrawal 
of the catheter from the wedged position revealed 
first a typical, normal, wedged-pressure tracing 
(fig. 1, far left), then an abrupt change in the pres- 
sure curve with a distinct dip in pressure during 
systole and then an abrupt increase in pressure with 
a positive pressure pulse during systole, and finally 
a second abrupt rise in pressure. The systolic dip in 
the pressure trace is probably due to the blood flow 
through the constricted vessel producing a Venturi 
effect, such as is occasionally seen when the catheter 
tip is at the stenotic orifice in valvular pulmonic 
stenosis.» '* This portion of the tracing and 
the 2 abrupt rises in pressure in the pulmonary 
artery conclusively establish the presence of 2 
areas of stenosis in the right branch of the pulmonary 
artery. 


Venous angiocardiography subsequently con 
firmed the presence of a total anomalous pulmonary 
venous return to the right atrium by means of a 
persistent left superior vena cava, and demonstrated 
a moderate dilatation of the right pulmonary artery. 
The first portion of the right pulmonary artery was 
poorly seen on the film because it was located over 
the spine. No distinct area of stenosis could be seen 


Comment. This patient had multiple con 
genital anomalies. Two sites of stenosis of the 
pulmonary artery were demonstrated by 
catheterization. The continuous murmur was 
located directly over the point where the 
stenosis of the right main pulmonary artery was 
demonstrated. The quality of the murmur was 
quite unlike that of a venous hum, which has 
been occasionally described over the area of 
insertion of anomalous pulmonary veins into 
the right atrium or venae cavae."* The rise in the 
intensity of the murmur a short interval after 
the first heart sound and the decrease in inten- 
sity during diastole correspond to the phasic 
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TABLE 1.—Catheterization Findings in Case 1 


Oxygen 
content, 
ml./100 ml. 


Pressure, 
mm. Hg 


L:ft axillary vein........ 16.0 
S perior vena cava* 15.7 
I: ferior vena cava. . 11.5 
Right atrium*............| 13. 9 (mean) 
Right ventricle*......... | 13. 82/11 
Main pulmonary artery*. .| 13. | 82/29 
Loft pulmonary artery... .| 13.§ 89/29 
Proximal right pulmonary | 

artery | j 39/13 
lbistal right pulmonary | 

artery | i 19/8 
Pulmonary artery wedge. . 14 (mean) 


Femoral artery........... 9 
Arterial oxygen satura- 
tion 77% 


* These figures represent the average value of 2 
or more samples. 


—_! 2! sm 2 om! 


2 2 2 
PULMONIC alien vin pono 
reste nore 


! 
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Fig. 2. Case 2. Phonocardiogram taken in the pul- 
monary area showing the systolic ejection murmur 
and the diastolic murmur. The location of the heart 
sounds is shown by the numbers 1 and 2. 


pressure changes recorded from the pulmonary 
artery at the point of the demonstrated steno- 


SiS. 


Case 2. R.W., a 7-year-old boy, was first seen at 
the Stanford University Hospital at the age of 6 
months, when he was noted to have a thrill at the 
fourth intercostal space along the left sternal border 
and a loud systolic murmur in the same area. At the 
pulmonic area a systolic murmur of grade IIT in- 
tensity was followed by a short early diastolic mur- 
aur. While not a truly continuous murmur, several 
observers believed it so on the basis of auscultation 
lone, and a diagnosis of a probable patent ductus 
rteriosus was made. At the age of 2 years a thora- 
otomy was performed at this hospital. The surgeon 
iscovered a small ligamentum arteriosum and 
‘gated it. There were no changes in the murmurs 
ollowing this surgery. 

The patient remained asymptomatic and again 
ntered the hospital at the age of 714 years for fur- 
her studies. He appeared well. His brachial blood 


TABLE 2.—Catheterization Findings in Case 2 


Oxygen 
content, 
ml./100 ml. 


Pressure, 
mm. Hg 


Superior vena cava....... 13.2 

Inferior vena cava........ 12.5 

Right atrium”. . 12.0 2 (mean) 
Right ventricle*.......... 13i 20/3 
Main pulmonary artery... 13.§ 21/6 
Right pulmonary artery. . 13. 21/6 
Left pulmonary artery.... 15/8 


Femoral artery. 
Arterial oxygen satura- 


115/60 


* These figures represent the average of 2 or more 
samples. 


TABLE 3.—Catheterization Findings in Case 3 


Oxygen 
content, 
ml./100 ml. 


Pressure, 
mm. Hg 


Superior vena cava 10.6 

Inferior vena cava 11.0 

Right atrium*. . | 12.6 7 (mean) 
Right ventricle* 12.3 42/8 
Main pulmonary artery... 12.6 38/10 
Left pulmonary artery.... — 41/9 
Right pulmonary artery. . P 20/8 


Femoral artery . ‘ 94/50 
Arterial oxygen satura- 


* These figures represent the average of 2 or more 
samples. 


pressure was 98/60 mm. Hg. There was a systolic 
thrill and a harsh grade IV systolic murmur loudest 
at the left sternal border in the fourth intercostal 
space. In the pulmonic area a grade III systolic 
murmur was immediately followed by a grade III 
diastolic murmur of diminishing intensity during 
diastole. 

Routine laboratory studies were normal. The 
electrocardiogram revealed somewhat high QRS 
voltage over the precordium but was otherwise nor- 
mal for a child of 7 years. X-rays showed somewhat 
prominent right and left ventricles and a large main 
pulmonary artery. The pulmonary vasculature was 
prominent. A phonocardiogram (fig. 2) revealed a 
loud crescendo systolic murmur compatible with a 
shunt through an interventricular septal defect. At 
the pulmonic area a systolic ejection murmur with 
its maximum intensity in midsystole was recorded. 
It was followed by a murmur of lesser intensity con- 
tinuing into diastole. 
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Fic. 3. Pressures obtained at cardiac catheterization in case 3. There is a rise in pressure between 
the right pulmonary artery and the main pulmonary artery indicating the site of the stenosis. 


Cardiac catheterization was performed and indi- 
cated a ventricular septal defect with a small left-to- 
right shunt (table 2). During the procedure it was 
noted that the catheter passed in an unusual fashion 
posteriorly and laterally into the left pulmonary 
artery and that there was a definite sudden pressure 
drop in this portion of the left main pulmonary 
artery (table 2). 


Comment. The ventricular septal defect was 
the principal cardiac lesion in this case. The 
stenosis of the left pulmonary artery was an 
incidental finding, and was probably the cause 
of the systolic and diastolic murmur closely 
resembling a continuous murmur that had 
previously led to a surgical exploration for a 
patent ductus arteriosus. Since the murmur was 
present before the thoracotomy, it is unlikely 
that the operation produced the narrowing of 
the pulmonary artery. It is of interest that 
pulmonary hypertension was not present. 


Case 3. J.C., a 5-year-old boy, was examined in 
April 1956. A heart murmur had been heard at birth 
but he had developed normally and had experienced 
no symptoms except questionable easy fatigability. 

He looked well. His brachial blood pressure was 
100/60 mm. Hg. There was a slight precordial bulge 
of the left chest wall parasternally. A thrill and a 
grade IV systolic murmur were present along the 
left sternal border in the third and fourth intercostal 
spaces. The pulmonic second sound was loud. 

Routine laboratory studies were not unusual. The 
electrocardiogram revealed a pattern consistent with 
incomplete right bundle-branch block, right ven- 
tricular hypertrophy, and abnormal P waves. X-ray 
studies revealed a prominent main pulmonary artery, 
increased pulmonary vascularity, and enlarged right 
and left ventricles. 

Cardiac catheterization demonstrated an atrial 
septal defect with a left-to-right shunt (table 3) and 
mild pulmonary hypertension. In addition, there 
was a definite drop of systolic pressure in the right 
pulmonary artery 4 to 5 em. beyond the bifurcation 
of the main pulmonary artery (fig. 3) indicating the 
presence of a stenosis of the right pulmonary artery. 


Mild arterial unsaturation was thought to be due ‘o 
hypoventilation accompanying the tribromoethan] 
(Avertin) anesthesia. 


Comment. The atrial septal defect was the 
principal lesion in this patient. Since a cor- 
tinuous murmur was not present, there appeais 
to be nothing in the clinical findings that woul: 
enable one to make the diagnosis of stenosis 0! 
the right pulmonary artery. 


Discussion 


The exact nature of such stenotic lesions 
involving the pulmonary artery distal to the 
valve is obscure because of the rarity of such 


lesions and the paucity of descriptions of their 
pathologic anatomy. Partial obstruction by 
thrombosis or embolus or a congenital develop- 
mental defect are the 2 most likely possibilities. 

Partial occlusion by thrombosis, secondary 
to trauma of the chest wall, of the main pul- 
monary artery in an adult has been described 
by Dimond and Jones.'® The resulting clinica! 
picture resembled that of pulmonary stenosis 
with an intact septum. Pulmonary thrombosis 
or embolism with partial recanalization could 
result in single or multiple areas of narrowing 
of the branches of the pulmonary artery; since 
resorption of an occluding thrombus or embolus 
may be variable, complete restitution of the 
lumen may occur or a residual area of stenosis 
may remain.”:'* Saphir,’® for example, has 
concluded that small bands or valvelike struc 
tures found occasionally in the pulmonary 
artery represent vestiges of resorbed mura 
thrombi. Partially resorbed multiple thromb 
or emboli similar to those illustrated in Meller’: 
paper” could easily give the curious rounded o: 
scalloped appearance demonstrated so clear) 
in the angiograms of one of Arvidsson’s pa 
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ti nts’ (case 1). However, it seems unlikely 
tl at this was the etiology of the stenotic lesions 
pesent in our patients, for there was no clinical 
h story compatible with pulmonary thrombosis 
o: embolism. Although such a process could 
hive oceurred during intra-uterine develop- 
nent, there are no descriptions in the literature 
o any such lesions in the fetus or newborn. 

A developmental, congenital defect of the 
pulmonary artery seems more likely. The occur- 
renee in childhood, the association with other 
congenital cardiac lesions, and the absence of 
any evidence of an acquired etiologic process all 
suggest this possibility. Sondergaard* suggested 
that the cause of stenosis of the pulmonary 
artery at its bifurcation was due to the incorpo- 
ration of the pulmonary artery by the tissue of 
the closing ductus arteriosus (the Skodaic 
theory). This theory was first suggested by 
Craigie? and later supported by Skoda to 
account for the origin of the adult type of 
coarctation of the aorta. Although one of the 
patients in the present report (case 2) probably 
had a single area of stenosis at the bifurcation, 
such a theory would not explain the stenosis of 
the more peripheral branch of the right pul- 
monary artery (case 3) and the multiple 
stenoses observed in case 1. 

The only detailed report of a patient with 
stenosis of the main branches of the pulmonary 
artery in which a complete autopsy study was 
described is by Oppenheimer.* In that 17- 
month-old child, the right pulmonary artery 
and the lower branch of the left pulmonary 
urtery were constricted by thickened intimal 
tissue beneath which were extensive deposits 
of caletum in the media. The right pulmonary 
artery at the stenotic area was completely en- 
circled by a ring of calcium. Calcification was 
also present in the media of the aorta. Five 
other instances of calcification of the pulmonary 
artery were described but in none of these pa- 
tients was there any narrowing of the pul- 
1ionary arteries. The author suggested a 
ongenital origin for these lesions. It is possible 
hat a similar process is present in our patients, 
lut a careful review of the x-ray studies re- 
\ealed no evidence of calcifications either in 
the pulmonary arteries or aorta. 

The question of the proper terminology of 


such lesions of the pulmonary artery should be 
considered. Sgndergaard*® suggested the term 
“coarctation of the pulmonary artery” because 
of the resemblance in structure and, as he 
believed, in origin to the adult variety of aortic 
coarctation. This term would be desirable if the 
stenosis were isolated and located near the 
bifurcation and if the Skodaic theory were the 
proper explanation for such a lesion. Many of 
these lesions are multiple, however, and they 
may be located at various points in the pul- 
monary artery. Furthermore, the Skodaic 
theory of the origin of the adult variety of 
coarctation of the aorta has been attacked for 
compelling reasons by Edwards and associates,”! 
and the possibility of such a process being the 
cause of a stenosis of the pulmonary artery is 
only conjectural. Oppenheimer‘® referred to the 
lesions as “partial atresia of the main branches 
of the pulmonary artery.” This is a poor term 
because atresia means ‘‘without a lumen,” 
hence it cannot be partial. Considering the fact 
that such areas of narrowing may occur at 
many sites in the pulmonary artery distal to 
the valve, that they may be multiple, and that 
their exact origin is still unknown, it might be 
best to refer to them as “stenoses of the pul- 
monary artery” specifying the area involved, 
i.e., “stenosis of the main pulmonary artery, 
stenosis of the right or left pulmonary artery, 
ete.” 

Arvidsson and co-workers” suggested that 
this anomaly may be the cause of hypertension 
in the main pulmonary artery. The fact that 
in 2 of their patients with multiple stenoses no 
other anomaly was demonstrated suggests that 
this may be the case; but such a relationship is 
by no means certain. It should be pointed out 
that abundant clinical and experimental evi- 
dence is available to show that even total 
occlusion of 1 main pulmonary artery does not 
increase the resistance enough to elevate pulmo- 
nary arterial pressure if the flow is not increased 
and if the pulmonary vascular bed is normal. 
Localized narrowing would be even less likely to 
cause pressure rise per se, unless both branches 
were involved. Furthermore, in 2 cases of the 3 
reported here, in which pulmonary hyperten- 
sion was present, there existed another congen- 
ital defect (anomalous venous return and ven- 
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tricular septal defect) which in itself may be 
associated with pulmonary hypertension.'® 

The physiologic effects of stenosis of a main 
branch of the pulmonary artery are not readily 
apparent unless a relationship to pulmonary 
hypertension can be demonstrated. No meas- 
urements of relative blood flow to the lungs 
have been made, although on theoretic grounds 
one might expect some changes from the 
normal. 

In one of the reported cases the stenotic area 
was dilated surgically’ and clinical improve- 
ment was thought to have taken place. 
Whether surgical intervention for the sole 
purpose of dilating a localized stenosis of a 
pulmonary arterial branch is justified, cannot 
be answered on the basis of information at 
hand. One is inclined, however, to lean toward 
the view that this is a benign, clinically insig- 
nificant lesion that would not justify thoracot- 
omy under ordinary circumstances. 

Unfortunately, there are no _ distinctive 
clinical signs of the presence of stenosis of the 
main branches of the pulmonary artery, unless 
a continuous murmur be present. In order to 
detect such lesions during cardiac catheteriza- 
tion, both branches of the pulmonary artery 
should be entered and withdrawal tracings re- 
corded from each branch. Since continuous 
murmurs are produced by this lesion only when 
the degree of stenosis is severe, one might 
expect the murmur to be extinguished or sud- 
denly changed in intensity when the catheter is 
passed through the area of narrowing. 

The most apparent significance of stenosis of 
a main branch of the pulmonary artery lies in 
its relationship to the origin of continuous 
murmurs. Continuous, ductus-like murmurs 
have been observed in 3 cases: in 1 patient of 
Arvidsson” and in 2 reported here. The location 
of the continuous murmur over the thorax at 
the site of the stenosis and the appearance of 
the phonocardiogram suggest strongly that the 
murmur originated at the stenosis. It was 
thought, however, that in order to prove this 
relationship beyond doubt, an examination of 
the nature of the pressure gradient across the 
stenotic areas should be made and an experi- 
mental reproduction of such a murmur would 
have to be accomplished. 
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Several conditions must be fulfilled for a 
continuous murmur of this sort to be produced, 
There must be narrowing of the blood chan:el 
and sufficient flow through the constricted a)ea 
to produce turbulence during both systole and 
diastole. In order to have flow in diastole of 
sufficient volume and velocity to produce t):is 
turbulence, a reservoir of blood under pressu ’e 
must exist proximally to the constriction. These 
conditions are met in the case of patent ducts 
arteriosus, peripheral and pulmonary arterio- 
venous fistulas, and in some of the more 
unusual arteriovenous communications. Th< y 
are also met in the case of stenosis of a pul- 
monary artery branch where the proxim:l 
pulmonary arterial bed acts as the reservoir 
under pressure. 

The presence of a sufficient volume and 
velocity of blood flow to produce turbulence 
can best be demonstrated by showing a pressure 
gradient between the areas proximal and distal 
to the narrowed area. Such a gradient can easily 
be demonstrated, both in systole and diastole, 
between the aorta and the pulmonary artery in 
a typical case of patent ductus arteriosus with 
continuous murmur. Furthermore, it has been 
shown that when pulmonary hypertension 
develops, leading to an obliteration of the 
gradient in diastole or in both systole and dias- 
tole, there is disappearance of the diastolic 
component of the murmur in the first instance 
and total disappearance of the murmur in the 
second.” Figure 4 shows the gradients of pres- 
sure for 1 cardiac cycle across the areas of 
stenosis in the 3 patients presented in this re- 
port. The pressure gradients were constructed 
from an analysis of the pressure curves ob- 
tained proximally and distally to the area of 
pressure drop. Significantly, the 2 patients with 
continuous murmurs showed a_ gradient 
throughout the entire cycle, whereas the third 
patient, in whom only a systolic murmur was 
observed, showed a pressure gradient only in 
systole. This is offered as evidence that the 
continuous murmur heard in 2 of our case: 
originated at the site and was caused by the 
stenosis of the pulmonary artery. It also ex. 
plains why such a murmur is present in somé¢ 
cases only. 


KLDRIDGE, SELZER, AND HULTGREN 871 


° 
° 
SECONDS f 


CASE 2 
Q 
1s 
10 


SECONDS 


SECONDS , 
ORs 
Fic. 4. Graph of pulmonary artery pressures 
proximal (upper curve in each case) and distal (lower 
curve in each case) to area of stenosis, showing pres- 


sure gradients across the stenosis duine the heart 
cycle. 


EXPERIMENTAL STUDY 


The experimental part of our study was performed 
in acute experiments on dogs anesthetized with intra- 
venous pentobarbital. A special constricting clamp” 
was placed around a large branch of the pulmonary 
artery and graded constriction applied. Auscultation 
of the constricted area revealed only a faint systolic 
murmur. In the next experiment the constricting 
clamp was placed around the thoracic aorta and 
sraded constriction applied. One could observe and 
register phonocardiographically a soft systolic mur- 
mur with mild constriction, a loud systolic murmur 
vith more severe constriction, then a continuous 
aurmur, first with a faint diastolic phase, and upon 
urther —- a loud murmur throughout the 

vardiae cycle. A similar series of experiments, per- 
ormed independently, was recently reported by 
[vers and associates.” In the final experiment it 
‘as thought that if a branch of the pulmonary ar- 
ery could be constricted and the flow through it 
increased, a situation similar to that in the thoracic 
.orta would arise. In this experiment the clamp was 
laced around the superior branch of the left pul- 


monary artery (the main branch in the dog is too 
short before its bifurcation to place a clamp around 
it) and graded constriction was applied after com- 
pletely clamping the right pulmonary artery. In 
this experiment mild constriction of the left pul- 
monary artery produced a systolic murmur and more 
severe constriction produced a continuous murmur 
similar to that of aortic constriction (fig. 5). 

The experimental reproduction of a continuous 
murmur at the site of constriction of a branch of the 
pulmonary artery fully confirms the clinical impres- 
sion that the murmurs observed in 2 of our patients 
were due to the stenosis of the pulmonary artery. 


The fact that stenosis of the left branch of 
the pulmonary artery may produce a murmur 
indistinguishable in quality and location from 
that of a typical case of patent ductus arteriosus 
is of a considerable practical importance. This 
has been dramatically demonstrated in our 
‘vase 2, in whom a thoracotomy was performed 
under the mistaken diagnosis of patent ductus 
arteriosus. Presently, surgical treatment of 
patent ductus arteriosus has reached such a 
degree of safety that in most quarters all cases 
are being operated on regardless of whether 
or not the lesions are dynamically significant. 
Furthermore, the presence of a typical con- 
tinuous murmur is usually considered pathog- 
nomoniec for this lesion, so that few cases 
undergo special procedures to confirm the 
diagnosis. The possibility of- other conditions 
causing continuous murmurs over the thorax 
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Fic. 5. Phonocardiographie record of murmurs 
produced during experimental constriction of dog 
pulmonary artery. 


















































































































































872 


should constantly be kept in mind. A review of 
such lesions has been recently published by 
Davis and associates.*° To the list of such con- 
ditions should now be added stenosis of a main 
branch of the pulmonary artery. 


SUMMARY 

- Three patients, all with other congenital 
cardiac malformations, were shown by cardiac 
catheterization to have stenosis of a main 
branch of the pulmonary artery. Two of the 3 
patients exhibited continuous ductus-like mur- 
murs heard at the chest wall over the site of the 
stenosis. The origin of the murmur at the site of 
the constriction was proved by the demonstra- 
tion of pressure gradients throughout the 
cardiac cycle at the site of constriction and by 
the experimental production of continuous 
murmurs in dogs in which partial constriction 
of a pulmonary arterial branch was accom- 
plished. Conditions necessary for the produc- 
tion of such murmurs are discussed. The 
importance of these observations in the dif- 
ferential diagnosis of congenital heart disease is 
emphasized and demonstrated by the fact that 
one of the patients underwent thoracotomy 
under the mistaken diagnosis of patent ductus 
arteriosus. 


SUMMARIO IN INTERLINGUA 


In tres patientes, catheterisation cardiac 
serviva a monstrar le presentia de un stenosis 
del branca major del arteria pulmonar. In 
omnes altere congenite malformationes car- 
diac esseva presente. Duo del tres patientes 
exhibiva continue murmures, simile al mur- 
mure de patente ducto arteriose, al pariete 
thoracic supra le sito del stenosis. Le origine 
del murmure al sito del constriction esseva 
provate per le demonstration de gradientes de 
pression durante le integre cyclo cardiac al 
sito del constriction e per le production ex- 
perimental de continue murmures in canes in 
que constriction partial del branca pulmono- 
arterial habeva essite effectuate. Es discutite 
le conditiones necessari pro le production de 
tal murmures. 

Es sublineate le importantia de iste obser- 
vationes in le diagnose differential de con- 
genite morbo cardiac. Un illustration multo 


STENOSIS OF PULMONARY ARTERY BRANCH 









significative se vide in le facto que un del ps- 
tientes hic reportate esseva subjicite a thor: - 
cotomia in consequentia del diagnose erronc> 
de patente ducto arteriose. 


ADDENDUM 

Since this paper was submitted for publication, 
additional patients with stenosis of a branch of tl 
pulmonary artery have been studied in this labor: 
tory. 

Case 4. A 4-year-old girl without symptoms {| 
whom a heart murmur had first been heard at tl 
age of 9 months. Positive physical findings includ 
a prominent apex impulse, a loud high-pitched apie: 
systolic murmur, and in the aortic area a systol 
murmur of lower frequency, which was well trans 
mitted to the neck. 

The electrocardiogram showed high voltage con 
plexes over V,; to Vg and was thought to be suggestiv: 
of left ventricular hypertrophy. X-rays were inte: 
preted as showing moderate left ventricular enlarg: 
ment, slight right ventricular enlargement, an 
prominent proximal pulmonary arteries. 

Cardiac catheterization revealed no intracardia 
shunts. The arterial oxygen saturation was normal. 
Pulmonary artery pressure tracings, however, re 
vealed a sharp pressure drop in the right pulmonar) 
artery distal to the bifurcation of the main pulmo 
nary artery. The following measurements were ob 
tained: right ventricle 38/0 mm. Hg; main pulmo 
nary artery 36/16 mm. Hg; left pulmonary artery 
34/15 mm. Hg; right pulmonary artery 24/14 mm 
Hg. Analysis of the pressure tracings revealed a 
gradient only during systole. 

The diagnosis was aortic stenosis plus stenosis of 
the right pulmonary artery. 

Case 5. A 51g-year-old girl without symptoms in 
whom a cardiac murmur was noted at the age of 2 
weeks. There was a slight left parasternal lift. A 
thrill was noted in the left second and third inter 
costal spaces parasternally. A moderately loud holo 
systolic murmur was heard in the same area. In 
addition a louder systolic ejection murmur was heard 
in the midsternal line at the level of the second 
intercostal space. This murmur began after the first 
sound, reached its peak intensity just before mid 
systole and decreased in intensity during late systole. 

The electrocardiogram was normal. Cardiac 
catheterization revealed a rise of 1.0 ml. per 100 ml. 
in oxygen content in the right ventricle, indicating 
the presence of an interventricular septal defect. 
There were sharp pressure drops in both right and 
left pulmonary arteries at their juncture with the 
main pulmonary artery. The pressures were: right 
ventricle 28/1 mm. Hg; main pulmonary artery 
28/8 mm. Hg; left pulmonary artery 19/8 mm. Hg; 
right pulmonary artery 20/7 mm. Hg. Analysis of 
the pressure tracings again revealed pressure gradi- 
ents only in systole. The maximum gradient on the 
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rght side occurred 0.18 to 0.22 second after the 
(‘RS complex. This corresponded very closely in 
t me to the point of maximum intensity of the mur- 
»vur recorded phonocardiographically over the mid- 
| ne at the level of the second intercostal space. 
This is the only patient of this series who exhibited 
ilateral stenosis of the pulmonary artery branches. 
Comment. Several additional reports of this condi- 
on have come to our attention. Powell and Hiller?® 
escribed a 5-year-old child in whom were found 
ressure gradients between the main pulmonary 
rtery and its branches, as well as angiographic evi- 
ence of stenosis of both branches at the bifurcation 
if the main pulmonary artery. This patient exhibited 
continuous murmur in the pulmonic area. Hodges?’ 
liscussed the catheterization findings of a patient 
vho had low pressures in both pulmonary artery 
ranches in addition to a pulmonic valve stenosis. 
Coles and Walker®* report a child, 26 months old, 
in whom angiography demonstrated a narrowing of 
the initial portion of each pulmonary artery branch, 
and in whom cardiac catheterization gave evidence 
of pulmonary branch stenosis as well as pulmonary 
valve stenosis. Figley? reported a patient with 
stenosis of the pulmonary artery branches at 3 sites. 
These were shown by angiography and_ pressure 
vradients were found at cardiac catheterization. 
Nineteen additional cases have been studied but 
not reported by 4 other workers, T. Schnabel, B. 
Jonsson, A. Leatham, and M. Figley. In several of 
these other cardiac malformations were also present. 
Three of these cases exhibited continuous murmurs. 
It becomes apparent from the number of patients 
discovered by these few investigators over a fairly 
short period of time that stenosis of the pulmonary 
branches is not a rare condition. The awareness of 
its existence will probably lead to many more such 
eases being discovered. 
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This paper attempts to determine the course and prognosis of coarctation of the aorta, based 
upon a study of 130 patients. Sixty per cent were first seen when under 20 years and only 14 per 
cent when over 30. Eighty patients have been followed 5 years or more. Twenty-eight were seen 
in the first decade. Three patients died, 1 with recurrent bouts of failure, 1 of aortic stenosis and 
rheumatic heart disease, and 1 of failure after being cured of bacterial endocarditis. The living 
patients were regarded as normal by their parents. Fifty were seen in the second decade. One 
died, probably of heart failure. The clinical course was usually uneventful in this decade although 
the blood pressure rose slowly. Thirty-seven were seen in the third decade. The blood pressure 
was now stabile. Five died, 1 of ruptured aorta, 1 of cerebral hemorrhage, and 3 of congestive 
failure. Seventeen were seen in the fourth decade. Two died, 1 with aortic regurgitation and 1 
with aortic stenosis. Only a few were seen in the fifth and sixth decades. 

About 25 per cent had aortic regurgitation and 5 per cent aortic stenosis. Large hearts and elec- 
trocardiographic evidence of left ventricular strain were uncommon in the absence of valvular 
disease. Congestive heart failure was the commonest cause of death. Below the age of 30, death 
was more commonly due to aortic rupture, bacterial endocarditis (with or without aortitis), and 
intracranial hemorrhage. 

Because of the possibility of sudden and unexpected death, operation was advised for most 
children. Aortic regurgitation was an added reason for urging operation. : 

SOLOFF 





Vasodepressor Syncope 


Factors Influencing Cardiac Output 


By A. M. Weisser, M.D., J. V. Warren, M.D., E. H. Estes, Jr., M.D., 
H. D. McIntrosu, M.D., anv J. J. Leonarp, M.D. 


Vasodepressor syncope is characterized hemodynamically by a sudden fall in total peripheral re- 
sistance with little associated change in cardiac output. The failure of the cardiac output to com- 
pensate for the fall in peripheral resistance is a striking feature of the fainting reaction. Possible 
explanations for this phenomenon are the presence of neurogenic myocardial inhibition or mark- 
edly limited volume of blood available to the heart. The effects of atropine injections, inflation of 
antigravity suit, negative pressure breathing, and albumin infusions on the syncopal reaction were 
studied. Results favor the causative role of limited venous inflow in the cardiac output response. 


ve YDEPRESSOR syncope offers an inter- 
esting experimental situation for the study 
o! the physiologic mechanisms controlling 
blood pressure and cardiac output. Heretofore, 
only a relatively small number of observations 
on the cardiac output during the acute hypo- 
tensive phase have been reported.':? The 
difficulties in producing syncope at will, 
coupled with technical complications in meas- 
urement of cardiac output under such unstable 
circumstances, have made experiments dif- 
ficult. The dye-injection method of determining 
cardiac output has enabled us to study not only 
the syncopal episode itself, but the effect of 
modifying experimental situations. These ob- 
servations, obtained during the course of an 
over-all assessment of vasodepressor syncope, 
are the subject of the present report. 


MeEtTHop 


The subjects were all university students. Syncope 
was induced by passively tilting to a 60° head-up 
position. Spontaneous syncope occurred in 20 per 
cent of the subjects. Of the remaining subjects, syn- 
cope was induced in 80 per cent by the oral adminis- 
tration of sodium nitrite 10 to 15 minutes prior to 
tilting. The entire procedure was explained to the 
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subjects and precautions were taken to allay anxiety. 
Preliminary practice tilts were made in all cases to 
acquaint the subjects with the procedure, and to 
detect those who faint spontaneously. 

The cardiac output was determined by the dye 
method of Hamilton,’ as modified by Doyle and 
colleagues.* T-1824 in 0.5 per cent solution was in- 
jected into the central circulation through a catheter 
introduced into the superior vena cava or subclavian 
vein. The position of the catheter was determined 
by fluoroscopy. Arterial blood was collected in 
siliconized tubes from femoral or brachial arteries at 
2-second intervals, and the undiluted dyed serum 
was promptly read on a Beckman model DU spectro- 
photometer. Calculations of cardiac output were 
made from concentration-time plots of the serum 
samples on semilogarithmic paper. The dye curves 
were scrutinized closely. Only those determinations 
demonstrating good delmeation of the dye curves 
and the point of recirculation were included in the 
study. 

Arterial blood pressures were obtained by Statham 
strain-gage, or Sanborn electromanometer, and re- 
corded on direct writing or photographie multi- 
channel recording systems. 

All cardiac output data are referred to body area, 
and are expressed as liters per minute per square 
meter of body surface. Mean arterial pressures were 
calculated by addition of one third of the pulse pres- 
sure to the diastolic levels. Because of the slow 
moving camera speed utilized for prolonged observa- 
tions, planimetric integration was not feasible. Total 
peripheral resistance (PR) was calculated from the 
formula PR = (BAm xX 1332/CO), where BAm = 
mean brachial artery pressure, 1332 = conversion 
factor to dyne/em.2, CO = cardiac output in ml. 
per second. The “pulmonary blood volume” was 
calculated according to the Hamilton formula.‘ 

A single balloon half-body antigravity suit* of the 
type reported by Beckman and co-workers® was 
employed in the studies of the effects of body com- 


* Manufactured by the David Clark Company, 
Worcester, Mass. 
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pression. With this apparatus, inflation to 60 + 5 
mm. Hg of body pressure was achieved within 10 
seconds (1 pound per square inch of body pressure 
= 51.7 mm. Hg). Dye injections for cardiac output 
were made 5 seconds after initiation of suit inflation. 

The carbon dioxide content of whole blood was 
determined by the method of Van Slyke and Neill.® 
The data were analyzed statistically according to 
methods outlined by Snedecor.’ 


















































RESULTS 





Syncope was observed in 40 subjects. The 
clinical picture during the course of the re- 
action was similar in all subjects and consisted 
of vague epigastric distress, nausea, pallor, 
sweating, mydriasis, yawning, sighing, belch- 
ing, and hyperventilation followed by impaired 
consciousness, visual blurring, and finally un- 









































consciousness. At times, clonic head and neck 








movements were in evidence. The presence of 
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Fic. 1. Vasodepressor syncope with recovery fol- 
lowing return to recumbency (marked “‘tilt’’), dem- 
onstrating hypotension, bradycardia, Traube waves, 
and hyperventilation. Recording system was flushed 
at the point indicated on the illustration. 
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VASODEPRESSOR SYNCOPE 





TaBLE 1.—Hemodynamic Changes in Vasodepressor Syncope 


All data obtained while the subjects were in the 60° head-up tilt position. 
* Refers to standard error of the difference between means. 


anxiety or apprehension during the syncop:l 
reaction was unusual. 

The typical arterial pressure and pneum)- 
graphic changes in vasodepressor syncope a: 
illustrated in the record of subject LB in figu:: 
1. Of particular interest in the arterial pressu 
tracings are the prominent Traube-Heri: 
waves, the forward migration and diminution i} 
size of the dicrotic notch, and the progressiy > 


d= 


fall in systolic, diastolic, and mean arteri: | 
pressure. The hyperventilation and_ relatiy : 
bradycardia are additional features of th» 
reaction. 


Cardiac Output During Vasodepressor Syncope 


In 8 subjects cardiac outputs were deter- 
mined at 60° head-up tilt before and during 
the syncopal reaction. Control outputs wer 
determined 3 to 10 minutes after tilting, whe: 
the subjects were relaxed with stable blood 
pressure and pulse. Since presyncopal changes 
e.g., yawning, nausea, pallor, sweating, my 
driasis, and hyperventilation, occur at varying 
and unpredictable intervals before the hypo 
tension and bradycardia, dye injections for the 
syncopal cardiac outputs were made only after 
the latter findings were in evidence on moni- 
tored records. With the onset of convulsive 
movements in any subject, the tilt was ter- 
minated immediately. In 7 of these subjects 
undamped pressure recordings at the time of the 
syncopal reaction revealed systolic arterial 





Cardiac index Mean arterial pressure Peripheral resistance 

Subject (L./min./M.?) (mm. Hg) (Dyne-sec./cm.5) 
Control Syncope Change Control Syncope Change Control Syncope | Change 
GH 3.5 2.2 —1.3 100 38 —62 1128 689 — 439 
BW 2.5 1.6 —0.9 74 30 — 444 1302 812 —490 
BJ 3.2 2.5 —0.7 85 26 —59 1125 426 —699 

DF 2.9 2.3 —0.6 80 1108 
LD 2.4 1.9 —0.5 82 55 —27 1407 1226 | —181 
JF zd 2.5 —(0).2 87 57 —30 1358 956 | —402 
MS 2.2 2.5 +0.3 67 27 —40 1132 392 | —740 
LB 3.8 4.3 +0.5 95 32 —63 1064 320 | —744 





38 —46 1217 | 689 | —528 
80 


| <.01 
| 
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pessure levels ranging from 84 mm. to 33 mm. 
ig, and diastolic levels of 54 mm. to 24 mm. 
lg, with a mean of 54/33 for the group. 

1e mean arterial pressure data are recorded 

table 1. 

The cardiac outputs observed in the 8 sub- 
jccts in this series are summarized in table 1. 
Sibjects DF and LB received no nitrite. Al- 
t ough the mean fall in cardiac index of 0.4 L. 
is not statistically significant, the data indicate 
2 tendency for the cardiac output to fall 
sightly during syncope. In 3. additional 
sibjects in whom control tilted outputs for 
comparison were not obtained, the cardiac 
indices during fainting were 2.6, 2.6, and 2.4 L. 
respectively. The mean resting cardiac index at 
60° head-up tilt in a group of 30 subjects in this 
laboratory is 2.7 L. (S.D. + 0.3). 

Stroke volume changes were variable and 
revealed no consistent trends. During syncope ¢ 
relative bradycardia is always observed when 
the pulse rate is compared to the usual pre- 
syneopal tachycardia. 

As expected from the above data, decreases 
in peripheral resistance occurred in all of the 
subjects (table 1). The mean change from 1217 
to 689 units is significant (p < .01). Two 
additional subjects, in whom peripheral re- 
sistance in the tilted position before fainting 
could not be calculated, demonstrated falls of 
924 and 620 units respectively when compared 


TABLE 2.—‘‘Pulmonary Blood Volume’’ in 
Vasodepressor Syncope 


Subject Control (ml.) Syncope 


GH 2336 1423 
BW 1067 | 821 
BJ 1601 1236 
DF 1952 | 1356 
LD 1662 1560 
JF 1365 | 1301 
MS 1679 1778 
1794 1385 


1682 1358 
115 
< .05 


All data obtained while subjects were in the 60° 
iead-up tilt position. 

* Refers to standard error of the difference be- 
tween means. 


to their peripheral resistance in the recumbent 
position. 

The estimated “pulmonary blood volume” 
was calculated in the 8 subjects in this series. 
The results are tabulated in table 2, and 
demonstrate a close correlation with the 
‘ardiac output changes. The mean circulation 
time during syncope averaged 18.0 seconds, 
which is not significantly different from the 
control average of 17.6 seconds. 


Cardiac Index During Recovery from Syncope 
Following Resumption of Recumbency 


Upon resumption of the recumbent posture 
in the course of vasodepressor syncope, there is 
prompt reversal of the blood pressure and 
pulse changes, and recovery of consciousness 
(fig. 1). On 2 occasions inordinately elevated 
cardiac indices were registered when dye output 
determinations were made immediately after 
return to the horizontal position. In order to 
investigate this phenomenon further, 5 addi- 
tional studies were obtained in which syncope 
was induced in the usual manner and output 
determinations were made immediately after 
reverse tilt. To accomplish this, the dye was 
injected during the course of the reverse tilt. 
The data are summarized in table 3. A mean 
cardiac index rise of 2.4 (S.E. +0.9)* L. per 
minute per M.? above resting recumbent levels 
was observed during the first 30 seconds follow- 
ing return to the horizontal position. In all of 
the above subjects complete recovery, save 
persistent pallor and occasional headache, oc- 
curred within 45 seconds of the reverse tilt, 
so that the cardiac output rise occurred during 
the period of recovery. When compared to the 
‘ardiac index during syncope (table 1), the 
rise in cardiac index following return to recum- 
bency is highly significant (p < .01). Of addi- 
tional interest in all subjects following the 
reverse tilt was a transient but marked flush 
and tachycardia, each lasting no longer than 
15 seconds. 


Effects of Inflation of Antigravity Suit 


In an attempt to assess the role of diminished 
venous inflow to the heart in the hemodynamic 


* Refers to standard error of the mean. 
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TaBLeE 3.—Cardiac Index during Recovery from 
Vasodepressor Syncope Following Resumption of 
Recumbency 


Before syncope 


Subject (L./min./M.?) 


During recovery 
RT 
DT 
DL 
RH 
RK 
AW 
FA 


NWN WwW bb bo 


Mean. 3.1 


All of the above determinations were performed 
while the subjects were in the horizontal position. 
TaBLe 4.—Cardiac Index in Normal Subjects after 

Antigravity Suit Inflation 


Before inflation 


Subject (L./min./M.2) 


After inflation* 
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Mean. ae a 
Sdf.. 0.18 
Pp sone <.01 


All data obtained while. alah: were in the 60° 
head-up tilt position. 

* Data obtained during the first 30 seconds follow- 
ing inflation to 60 + 5 mm. Hg body pressure. 

t+ Refers to standard error of the difference be- 
tween means. 


picture of vasodepressor syncope, the effects of 
application of external pressure in the normal 
and syncopal state were studied. 

Inflation of the antigravity suit to 60 + 5 
mm. Hg body pressure in the standing position 
is attended by little or no discomfort to the 
subject. Because of the alarm of sudden infla- 
tion and the tendency of the subject to tense 
the abdominal muscles, practice inflations had 
been carried out before the actual studies were 


ar 

wy hy | UL ie i \ 
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Fic. 2. Vasodepressor syncope with recover 
following antigravity suit inflation. Arrow indicate 
point of inflation. CVP represents central venou 
pressure. 


initiated. In the normal subject at 60° head-u 
tilt, antigravity suit inflation results in ; 
prompt increase in pulse pressure (5-10 mm.), 
predominantly a result of elevated systolic 
pressure and a moderate slowing of the pulse. 
In table 4 are summarized the cardiac output 
data in 11 subjects in whom determinations 
were made with subjects at 60° head-up tilt 
before and after antigravity suit inflation. 
The mean increase of 0.6 L. per minute per M.° 
following antigravity suit inflation, represent- 
ing a 25 per cent elevation above the control 
output for the group, is significant (p < .01). 
Peripheral resistance following antigravity suit 
inflation tends to fall slightly, averaging 206 
units below control levels (p = 0.1). 

Inflation of the antigravity suit in the course 
of a syncopal reaction is attended by dramatic 
recovery of consciousness and resolution of 
symptoms within 30 seconds. The typical 
hemodynamic response to- inflation during 
syncope is illustrated figure 2. In the left 
side of the figure, the usual pressure, pulse, and 
respiratory changes of vasodepressor syncope 
are seen. Of additional interest in this illustra- 
tion is the central venous pressure, which 
remained unaltered throughout the course of 
the syncopal reaction until its rise after the 
suit was inflated. Immediately following infla- 
tion of the antigravity suit there is a rise in 
systolic, diastolic, and mean arterial pressure, 
and disappearance of the relative bradycardia. 

A summary of the effects of antigravity suit 
inflation on the cardiac output in the course of 
syncope appears in table 5. In each of the 


subjects, the determination of cardiac output 
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followed immediately (5 seconds) after inflation 
o the antigravity suit and coincided with the 
ijuprovement in the course of the syncope. 
(Comparison with table 4 demonstrates the 
s\ightly more marked effect of antigravity suit 
inflation in syncope as compared to the normal 
sanding posture. When compared to the 
cardiac index during syncope (table 1), the 
rise in cardiac index following antigravity suit 
inflation during syncope is significant (p < .05). 

The mean peripheral resistance following 
antigravity suit inflation during syncope in 7 
{ the above subjects (819 units S.E. 96) was 
not significantly different from the mean 
peripheral resistance during unaltered syncope, 
despite the fact that the syncopal changes were 
reversed at the time of the  postinflation 
determinations. 

In summary, antigravity suit inflation in the 
normal subject at 60° head-up tilt is ac- 
companied by an increase in cardiac output and 
slight fall in peripheral resistance. In vasode- 
pressor syncope, the prompt improvement 
after antigravity suit inflation is associated 
with an increased cardiac output and little or 
no change in peripheral resistance. 


Effects of Negative Pressure Breathing and 
Albumin Infusions 


Full-phase negative-pressure breathing (mi- 
nus 16 to minus 19 mm. Hg) was maintained by 
having the subjects breathe from a counter- 
weighted Tissot apparatus. A face mask was 
secured in place before the experimental tilt, 
and by a stopcock device the subjects could be 
maintained on atmospheric pressure until the 
maximum hypotension was reached. The ap- 
oaratus was filled with 50 per cent oxygen in 
ur. Carbon dioxide accumulation was _pre- 
vented by allowing expired air to pass through 
a potassium hydroxide chamber before re- 
tering the negative-pressure chamber. In 
} subjects prompt recovery and reversal of the 
hypotension was noted when negative pressure 
was applied at the height of syncope, despite 
the fact that the subjects were maintained in 
the upright position. 

In 3 additional subjects, all of whom ex- 
perienced previous syncope, induction of 
syncope was attempted by the usual nitrite 


and tilt procedure immediately following 
completion of a rapid infusion (20 minutes) 
of 1000 ml. of 5 per cent albumin in saline. In 
none of the individuals was a syncopal or 
presyncopal change noted, despite the fact that 
each was maintained at 60° tilt for 30 minutes 
following nitrite administration. In 2 of these 
subjects syncope was subsequently induced by 
the tilt-nitrite procedure. 


Effect of Atropine 


In 5 individuals 1.6 to 2.4 mg. of atropine 
were injected into the central circulation via 
the venous catheter 2 to 5 minutes prior to the 
onset of syncope induced by the tilt-nitrite 
procedure. Dramatic hastening of the pulse 
indicative of vagal blockade occurred in each 
case. Syncope progressed in the usual manner, 
despite the absence of bradycardia. Cardiac 
output determinations at the time of syncope 
in these subjects revealed a mean cardiac 
index of 2.5 L. per minute per M.? (S.E. +0.1), 
and demonstrated no significant deviation from 
the cardiac index during syncope in the non- 
atropinized subjects. 


Arterial Carbon Dioxide 


In 10 subjects arterial carbon dioxide content 
was determined in the 60° head-up tilt position 
1 to 3 minutes before, and again, at the height 
of syncope. The results revealed a uniform fall 


TaBLe 5.—Cardiac Index in Vasodepressor Syncope 
after Antigravity Suit Inflation 


Subject Before syncope 


Syncope and 
(L./min./M.?) 


inflation* 
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Mean 2.4 a 


All data obtained while subjects were in the 60° 
head-up tilt position. 

* Data obtained during the first 30 seconds fol- 
lowing inflation to 60 + 5 mm. Hg body pressure 
during the syncopal reaction. 
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TABLE 6.—Arterial Carbon Dioxide Content in 
Vasodepressor Syncope 


IC 48.8 45.3 
JH 45.8 41.7 
JT 44.7 42.7 
TP 43.1 39.2 
DR 50.9 44.7 
RF 47.8 37.2 
cl 42.4 36.8 
JL 46.9 43.1 
DS 46.7 45.5 
GW 16.4 43.4 

Mean. 46.4 42.0 

Sdt.. 0.83 

p <.01 


All samples obtained while subjects were in the 
60° head-up tilt position. 

* Samples drawn within 3 minutes before onset of 
syncopal changes. 

+ Samples drawn at the time of maximum hypo- 
tension. 


t Refers to standard error of the difference be- 
tween means. 


averaging 4.4 volumes per cent (p < 01) 
(table 6). 
DiscUSSION 

In the normal individual the arterial blood 
pressure is maintained within narrow limits 
by a balance between the cardiac output and 
the effective peripheral resistance. In the event 
of a fall in peripheral resistance, the arterial 
pressure is maintained by an increased cardiac 
output. This response of the cardiac output toa 
sudden fall in peripheral resistance has been 
well demonstrated in individuals with large 
areas of reactive hyperemia,* and in patients 
with arteriovenous fistula.’ A striking feature 
of the observations on vasodepressor syncope 
reported here is the failure of the cardiac output 
to rise in the face of a decreased peripheral 
resistance. It is upon the nature of this ap- 
parent dissociation of the cardiac output and 
peripheral resistance responses that our interest 
is centered in the present study. 

The absence of a compensatory rise in cardiac 
output in the presence of a diminished pe- 
ripheral resistance may be explained by reflex 
myocardial inhibition or marked limitation on 
the volume of blood available to the heart. 





VASODEPRESSOR SYNCOPE 





The observations on the effect of return jo 
recumbency demonstrate that the cardiac 
output often increases above resting leve's 
during the recovery process, indicating 4 
removal of those factors responsible for the 
restriction of the cardiac output. Since the 
rise in cardiac output during the terminatio 
of a syncopal reaction could be accomplishe | 
by removal of either or both of the aforeme: - 
tioned mechanisms restricting cardiac outpu , 
it was necessary to evaluate the relative si; - 
nificance of each factor individually by study - 
ing the cardiac output responses under various 
experimental conditions while the subjects wer » 
maintained in the tilted posture. 

Observations on the existence of myocardia 
vagal inhibition'® suggested that a vago 
inhibitory effect might explain the cardia 
output response during syncope. In addition 
slowing of the heart, long recognized as oc 
curring during syncope, might of itself be « 
restrictive factor on the heart’s ability to 
compensate. The effect of atropine on the 
cardiac output response in syncope was there- 
fore studied. Despite the presence of marked 
tachycardia and apparent vagal blockade ait 
the height of syncope, the cardiac output 
response to the fall in peripheral resistance was 
no different from that in the nonatropinized 
subjects. The factor of bradycardia therefore 
does not appear to be the limiting one in 
restricting the cardiac output. In addition, 
atropine-sensitive cardio-inhibition probably 
does not play a significant role in the cardiac 
output response in syncope. 

Attention was next directed to the second 
possible mechanism of cardiac output restric- 
tion. The effects of increasing the volume of 
blood available to the heart by antigravity suit 
inflation, negative-pressure breathing, and 
albumin infusion were studied. Each of these 
factors was found either to abort or to prevent 
the hypotensive phase of syncope. Because of 
the ease of experimental control and_ the 
efficacy of its action, the antigravity suit was 
studied most extensively. Inflation of the anti- 
gravity suit resulted in termination of the 
hypotension and simultaneous elevation of the 
cardiac output. These changes occurred despite 
the fact that the subjects were maintained in 
the upright position, and strongly suggest that 
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the factor of limited venous inflow plays a 
significant role in the restriction of the cardiac 
output in syncope. Although the data concern- 
ing the effects of situations designed to enhance 
venous inflow to the heart do not eliminate the 
possibility of concomitant neurogenic myo- 
cardial inhibition, it appears unnecessary to 
invoke the latter factor as an additional 
explanation for the diminished cardiac output 
response in syncope. 

The fall in arterial carbon dioxide content is 
probably secondary to the hyperventilation 
during syncope. Hypocapnia secondary to 
hyperventilation has been demonstrated to 
result in mild to moderate hypotension, in- 
creased forearm blood flow, and diminished 
cerebral blood flow." ? Despite these changes, 
all of which are well known components of the 
circulatory picture of vasodepressor syncope, 
acute hyperventilation alone uncommonly 
produces typical vasodepressor syncope. It is 
thought therefore that the hypocapnia during 
syncope is an important factor in accentuating 
the circulatory embarrassment, but probably 
is not an essential component of the reaction. 
Supporting this view is the finding that inhala- 
tion of 5 per cent carbon dioxide tends to 
diminish or eliminate the hypocapnia without 
otherwise altering the syncopal reaction." 

The observed fall in total peripheral re- 
sistance in our subjects is of interest in light of 
studies on specific vascular beds. Although 
blood flow effects have varied, the syncopal 
reaction has been found to result in a decreased 
vascular resistance in the muscle," splanchnic,!® 
and renal!® circulations. 

Engel and Romano” have suggested that 
fainting represents an incomplete response in 
the preparation for flight occurring in situa- 
tions where muscular activity is repressed. The 
physiologic adaptations for motion are thus 
incomplete, with resultant circulatory dis- 
organization. The findings reported in this 
paper are consistent with this thesis. 

From a circulatory standpoint, therefore, 
fainting might be characterized by a series of 
events initiated by a precipitous fall in periph- 
eral resistance and arterial blood pressure 
occurring in the face of a situation where the 
heart does not compensate by increased output. 
Although the present study has focused atten- 


tion on these circulatory aspects of syncope, it 
is clear that other facets, such as emotional 
and humoral factors, are involved. 


SUMMARY 


Postural syncope can be produced with 
facility by 60° head-up tilt with the aid of 
sodium nitrite. Syncope so induced is similar to 
spontaneous vasodepressor syncope, and offers 
an experimantal technic for the study of 
regulation of blood pressure and cardiac output. 

The cardiac output in vasodepressor syncope 
tends to fall slightly. During recovery, the 
cardiac output rises at times to supernormal 
levels. Of particular interest is the failure of 
the cardiac output to compensate for the fall in 
peripheral resistance during syncope. The 
occurrence of either neurogenic myocardial 
inhibition or markedly limited venous inflow 
were investigated as possible explanations for 
this finding. 

Atropinization prevents the relative brady- 
cardia during syncope, but does not alter the 
cardiac output response. 

Antigravity suit inflation or negative-pres- 
sure breathing rapidly reverses the syncopal 
reaction. The improvement following anti- 
gravity suit inflation is associated with a rise in 
‘ardiac output and insignificant changes in 
peripheral resistance. Albumin infusions were 
found to prevent syncope. 

The arterial carbon dioxide content falls at 
the height of syncope. This fall is probably 
secondary to the hyperventilation during 
syncope, and contributes to the circulatory 
embarrassment by further lowering peripheral 
resistance and cerebral blood flow. 

The major circulatory event of vasodepressor 
syncope would appear to be not only wide- 
spread loss of peripheral resistance, but its 
occurrence in the face of inability of the heart to 
compensate by an increase in output. Present 
evidence favors the causative role of limited 
inflow in restricting the response of cardiac 
output. 


SUMMARIO IN INTERLINGUA 


Syncope postural es facile a producer per 
basculation a 60° (capite in alto) con le adjuta 
de nitrito de natrium. Le syncope assi inducite 


es simile al spontanee syncope vasodepressori e 
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representa un technica experimental pro le 
studio del regulation de pression sanguinee e 
rendimento cardiac. 

In syncope vasodepressori le rendimento 
cardiac tende a reducer se levemente. Durante 
le recovramento le rendimento cardiac cresce 
a vices usque a nivellos supranormal. De 
interesse special es le facto que le rendimento 
‘ardiac non compensa le reducite resistentia 
peripheric que occurre durante le syncope. 
Esseva investigate, como explicationes possi- 
bile de ille phenomeno, le occurrentia de 
neurogene inhibition myocardial o de un 
marcate limitation del influxo venose. 

Atropinisation preveni le bradycardia rela- 
tive durante le syncope, sed illo non altera le 
responsa del rendimento cardiac. 

Le pression exercite per le inflation de un 
costume de gravitate o le effectuation de 
respiration a pression negative reverte le 
reaction syncopic rapidemente. Le melioration 
que occurre post le inflation del costume de 
gravitate es associate con un augmento del 
rendimento cardiac e non-significative altera- 
tiones del resistentia peripheric. Esseva trovate 
que infusiones de albumina preveni le syncope. 

Le contento arterial de bioxydo de carbon se 
reduce al culmine del syncope. Iste reduction es 
probabilemente secundari al hyperventilation 
durante le syncope e contribue al disturbation 
circulatori per causar un reduction additional 
del resistentia peripheric e del fluxo de sanguine 
cerebral. 

Le major evento circulatori in syncope 
vasodepressori es apparentemente non solo le 
perdita extense de resistentia peripheric sed le 
occurrentia de iste perdita in association con le 
incapacitate del corde de effectuar un compen- 
sation per augmentar su rendimento. Le datos 
nune disponibile pare attribuer un rolo causa- 
tive al reducite influxo in le restriction del 
responsa del rendimento cardiac. 
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Atrial Dissociation and Uniatrial Fibrillation 


By Grorce W. Derrz III, M.D., Henry J. L. Marriott, M.D., Evan FLetcuer, M.D., 
AND SAMUEL BELLET, M.D. 


Three cases of atrial dissociation are illustrated with electrocardiograms. The coexisting atrial 
rhythms observed in published cases permit us to offer a convenient classification. Two possible 


explanations of this rare phenomenon are discussed. 


TRIAL dissociation has been repeatedly 
observed in the exposed heart of the 
‘xperimental animal. There is no reason to 
believe that the phenomenon may not occur 
spontaneously in the human heart. 

The purposes of this communication are to 
present tracings and to draw attention to this 
little-discussed phenomenon and to include 
examples of what we have chosen to call 
uniatrial fibrillation. 


LITERATURE 


Numerous authors have claimed to demon- 
strate independent rhythms in the 2 atria. 
Hering! in 1900 first recorded dissociation of 
the atria in the experimental animal, whereas 
Wenckebach? in 1906 was first to report it in 
man. Neither of these authors illustrated his 
claim with published electrocardiograms. 

A number of these publications invite special 
comment. Schrumpf* published the first il- 
lustrative electrocardiogram; his tracing ap- 
pears reasonably convincing, but Lewis,’ quite 
properly setting the sceptical pace for all 
subsequent critics, refused to accept it and 
pointed out that ‘‘it is necessary to be hyper- 
critical in dealing with exceptional curves of 
this kind, owing to the important conclusions 
which they would otherwise justify.” The 3 
tracings published by Bay and Adams° are 
further good examples of the double P-wave 
type. As an argument in favor of the reality of 
atrial dissociation in their cases, they pointed 
ut that the secondary atrial waves in 2 of their 
records showed a phasic arrhythmia affecting 
the normal P waves. 

Condorelli’s tracing of simultaneous fibrilla- 
tion and sinus rhythm® affords excellent ex- 
perimental basis for clinical claims of uniatria] 


From the Philadelphia General Hospital, Phila- 
lelphia, Pa.,and the Mercy Hospital, Baltimore, Md. 
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fibrillation. By ligating the left anterior atrial 
artery he produced atrial dissociation on 2 
occasions with sinus rhythm persisting in the 
right atrium and controlling the ventricles, 
while the left atrium was fibrillating. 

The tracing of Lombardini and Aviles’? shows 
a remarkable, rapid and regular atrial wave at a 
rate of 765 per minute with superimposed 
normal sinus P waves at a rate of 90. There is no 
constant relationship between the P waves and 
the ‘‘micro-flutter’’ waves; complete A-V block 
is also present with an idioventricular rhythm 
at a rate of 23. They stated that the flutter 
contractions were distinctly audible on auscul- 
tation and they assumed that microflutter oc- 
cupied the left atrium while sinus rhythm 
controlled the right. 

A tracing published by Bellet* shows inverted 
P waves at a rate of 82 in lead II with a P-R 
interval of 0.12 second, while simultaneous 
atrial deflections, probably representing flutter, 
occurred at a rate of 300 in a simultaneous 
esophageal lead. 

In the interesting tracing published by 
Moreira? fibrillation is evident in V,, while P 
waves at a rate of about 106 are seen in other 
precordial leads as well as superimposed on the 
fibrillatory waves in V;. Ventricular response is 
completely irregular, indicating that the ventri- 
cles are responding to the atrial fibrillation 
rather than to the sinus impulses. The tracings 
presented by Dagnini!® and De Castro" are less 
convincing examples of uniatrial fibrillation. 

Electrocardiograms published by other 
authors'?-'6 and referred to in other reviews on 
atrial dissociation appear to represent intra- 
atrial block rather than atrial dissociation. 


Case REPORTS 


Since strophanthin excess can produce atrial dis- 
sociation experimentally,” the possible role of 
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digitalis intoxication in its clinical production must 
be considered. For this reason, in the case histories 
that follow, digitalis dosage has been accorded de- 
tailed attention. 


Case 1. J. MeN., a 5's-month-old child, was 
admitted to Philadelphia General Hospital with 
congestive heart failure associated with a ventric- 
ular septal defect. Serial tracings confirmed the 
presence of digitalis intoxication, but the dosage of 
digitalis was uncertain. Atrial dissociation was re- 
corded on numerous occasions by 2 different direct 
writing machines and | photographic mirror galva- 
nometer. From approximately 100 feet of tracings 
representative examples were taken. Figure 1 shows 
a sinus arrhythmia at a rate of 83 with irregularly 
recurring p Waves appearing before, during, or after 
the sinus P waves. These waves appear to initiate 
short bursts (0.10-0.32 second) of rapidly occurring 
waves (1500 per minute) of low voltage (0.01-0.05 
mv.). Figure 2 at a higher magnification demon- 
strates the smaller waves. This illustrates repetitive 
short paroxysms of “uniatrial’’ fibrillation with 
sinus P waves controlling the ventricular rate. The 
rate of these rapid, diminutive waves is similar to 
that of the intermediate form of fibrillatory waves 
described by Prinzmetal,* which produce a “glass- 
like” baseline in the standard electrocardiogram. 
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Case 2. D. W., a 58-year-old Negro woman, was 
first seen in the Cardiac Clinic at Mercy Hospital, 
Baltimore, in July 1954 for congestive heart failure. 
Her blood pressure was 140/94, and the electro- 
cardiogram showed left ventricular hypertrophy and 
strain. She was started on digitalis folia, 0.1 Gm. 
t.i.d. for a week and was then maintained on 0.1 Gm. 
daily. On August 25, 1955, she complained that she 
had felt her heart fluttering for the past few days. 
For 2 days she had taken an extra tablet of digitalis. 
The clinical impression was atrial fibrillation with a 
ventricular rate of 68 per minute; unfortunately no 
electrocardiogram was taken. On October 29 she 
had no complaints but the rhythm was described as 
“regular for as many as 7 beats, followed by a shower 
of irregular beats.’”’ An electrocardiogram taken a 
week later (fig. 3) showed first degree A-V_ block 
(P-R 0.22 second) and a more marked pattern of 
left ventricular hypertrophy and strain. On a subse- 
quent occasion this patient was deliberately in- 
toxicated with Digoxin, which produced incomplete 
A-V block with Wenckebach phenomenon, but no 
disturbance of the atrial rhythm. 

Lead V, (fig. 3) shows the appearance, accelera- 
tion, and decay of excitability in an ectopic atrial 
focus. The first few p waves, as isolated phenomena, 
may be considered as nonconducted ectopic atrial 
beats; after a few seconds, when the rate has in- 
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Fic. 1. Lead II. The short vertical lines represent the bursts of rapidly occurring waves of low 


Fig. 2. Lead II. A higher magnification of a representative cutting clearly demonstrates the waves 
of uniatrial fibrillation (p). Rate, 1500 per minute; duration, 0.10 to 0.32 second; voltage, 0.01 to 


0.05 mv. The sinus P waves continue undisturbed. 
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Fic. 3. Lead V¢. The 3 strips are continuous. 
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After a few normal sinus beats secondary atrial waves 


(p) appear, at first nearly 1 second apart, but rapidly increasing in incidence until at the beginning 
of the bottom strip they have attained a rate of 750 per minute; they then slow and disappear quickly. 
Meanwhile sinus P waves continue throughout with undisturbed regularity. 


creased to between 150 and 200, they may well be 
considered to represent atrial tachycardia; after 2 
or 3 more seconds when they reg ached a rate of 750, 
their rhythm must certainly be called fibrillation or, 
in view of their regularity, microflutter. Thus in a 
few brief seconds “the unitary nature of the auric- 
ular arrhythmias,” as propounded by Prinzmetal,'* 
is spontaneously illustrated. Sinus P waves mean- 
while continue uninterrupted and are absolutely 
regular.* 


*The capture of this tracing emphasizes the 
value of training the electrocardiographic technician 
to observe with an intelligent eye what is being re- 
corded. In the present instance an unusually long 
strip was secured because the interested technician 
perceived that something unusual was occurring and 


so continued the tracing until the phenomenon had 
subsided. 


Case 3. M. D., a 57-year-old Negro woman was 
seen in the Mercy Hospital dispensary on July 9, 
1953, with symptoms of congestive heart failure; 
her blood pressure was 178/126. She was digitalined 
with digitoxin and followed for a few weeks but then 
was not seen again for nearly 2 years. In June 1955 
she returned, having taken no digitalis for 3 months. 
This time she was digitalized with gitaligin; she 
received 9 mg. in a week and lost over 11 pounds 
and then became anorexic. Gitaligin was reduced to 
0.5 mg. daily. When next seen 2 weeks later, she 
was nauseated and maintenance therapy was 
changed to digitoxin 0.05 mg. daily until August 31. 
At this time she again complained of shortness of 
breath of 2 weeks’ duration, and the dose of digi- 
toxin was increased to 0.1 mg. daily. Eight days later 
an electrocardiogram showed A-V dissociation. On 
September 15, the heart was irregular at a rate of 
60 and digitoxin was stopped for 1 week. On Sep- 
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Fig. 4. Lead V;. A 


tember 20 an electrocardiogram showed sinus 
bradycardia at a rate of 55 with partial A-V block 
(P-R 0.28 second). In lead V; a secondary set of 
atrial waves, independent of the P waves, was pres- 
ent (fig. 4). Digitalis was withheld until September 
28, when another electrocardiogram showed a P-R 
interval of 0.20 second and occasional ventricular 
premature beats. Gitaligin 0.5 mg. daily was then 
started. Several subsequent tracings have failed to 
reveal any signs of atrial disturbance. 
DiscussION 

A variety of terms has been used to describe 
dissociation between the atria; intra- 
auricular,*: ® interauricular,®: !*: !* interatrial,?° 
atrial®! dissociation, and interatrial block.2°? 
There is clearly need for consistency and it 
would seem to us that the simplest, least 
ambiguous, and most acceptable term is 
atrial dissociation. Intra-atrial block refers to a 
distinct and different condition of abnormally 
widened and notched P waves, well exemplified 
by P-mitrale. 

In previous publications dealing with atrial 
dissociation, various symbols have been used to 
designate the 2 sets of atrial waves: They have 
been labeled P and P’,4-?6 P’ and P’’,8 P, 
and P»,? and P and p.'* P’, however, is the 
accepted label for atrial waves that substitute 
for, rather than appear in addition to, the 
normal sinus P wave. P’ thus represents an 
atrial wave arising from an ectopic focus that 
controls the 2 atria if not the whole heart, as in 
an ectopic atrial beat or in paroxysmal atrial 
tachycardia. We therefore propose that the 
symbol p, as used by Lian and Globlin,!* is most 
suitable for the secondary atrial waves that 
appear in parallel with existing P (or P’) waves 
in atrial dissociation. 

When a clinical record is interpreted as atrial 
dissociation, critics are quick to point out that 
the second system of waves may be artifacts— 
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secondary set of p waves is present iaticananiel of the sinus P waves. 


such as interference from a dial telephone, 
from an electric saw or buzzer, from hiccoughs, 
from contact with another person whose QRS 
complexes are registered on a diminutive scale. 
Katz” summarized the situation as follows: 
“While this possibility exists, the evidence 
presented in the cases reported is far from 
convincing, since the phenomena described 
could readily be explained by artifacts.” 
White,?*> more recently, has concurred: ‘Its 
occurrence in man, although suggested and 
described, has not been conclusively proved.” 

If dissociation between the 
mechanisms seem possible: (1) each atrium in 
toto is separately autonomous (this has as its 
experimental precedent the production of atrial 
dissociation by interruption of  interatrial 
pathways)® "+ ?5 or (2) a part of 1 atrium is 
independent from the rest of the mass of atrial 
muscle, as experimental dissociation of a small 
part of atrial muscle has been observed in the 
dog’s heart after intoxication with strophan- 
thin” and yohimbine.?’ The second possibility 
presupposes that the dissociated areas of the 
atria must be mutually protected against each 
other’s impulses by “entrance” and “exit” 
blocks. Whether the whole or only a part of 1 
atrium is involved in the ectopic rhythm, it 
would seem appropriate to apply the term 
uniatrial to this pararrhythmia. 

Subsequent examples of atrial dissociation, 
based on published electrocardiographic evi- 
dence, can be conveniently classified into 4 
groups: 

Two parallel sets of atrial waves each 
maintaining its own independent rhythm (a 
situation that the French authors picturesquely 
call “la double commande’’).*: 5: 19, 24-26, 30, 31 

Flutter in one atrium, fibrillation in the 
other.*?-*5 


atria occurs, 2 
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3. Sinus or nodal rhythm in the right atrium, 
‘utter in the left atrium.’: § 

4. Sinus or nodal rhythm in the right atrium, 
brillation in the left atrium® °: !° "™ that can 
e either fixed or repetitive. 

Of the cases presented here, the first 2 belong 

in group 4 of this classification, while case 3 
belongs in group 1. 


SUMMARY 


The inconsistent terminology hitherto used 
to describe the phenomenon of dissociation 
between the atria is commented upon and 
appropriate terminology is recommended for 
consistent usage. 

Three cases of atrial dissociation, 2 with 
uniatrial fibrillation, are presented and_ il- 
lustrated with electrocardiograms. A classifica- 
tion is offered based upon the coexisting atrial 
rhythms. Previous examples of atrial dissocia- 
tion are reviewed. A paroxysmal repetitive 
form of uniatrial fibrillation is presented for the 
first time. 


SUMMARIO IN INTERLINGUA 


Es notate le manco de systema in le termino- 
logia usate usque nunc in describer le pheno- 
meno del dissociation inter le atrios. Un 
terminologia appropriate es recommendate in 
le interesse de un usage plus systematic. 

Es presentate tres casos de dissociation atrial. 
Duo es characterisate per fibrillation uni- 
atrial. Le casos es illustrate per electrocardio- 
grammas. Es proponite un classification super 
le base del coexistente rhythmos atrial. Previe 
exemplos de dissociation atrial es passate in 
revista. Un forma repetitive paroxysmal de 
fibrillation uniatrial es presentate pro le 
prime vice. 
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Medicine, and this is one of the most valuable of the teachings of history, cannot remain equal to 
its great task without preserving for the physician his double character of scientist and worker for 
the people, according to the classic concept. If in the exercise of his art he is guided by his knowledge 
of the laws of nature, then his technical knowledge, his calm judgment, and his objective reasoning 
should furnish him with the rules which will determine the application of these natural laws in 
practice. It is only thus that the clinician can be clinical in the true sense of the word.—ARTURO 
CASTIGLIONI (1874-). 





Heparin-Activated Clearing Factor 


Standardized Test, Agewise Application, and Clinical Observations 


By Sauu P. Baker, M.D. 


A possible relationship may exist between the concentration of heparin-activated plasma clearing 
factor and alterations in lipid metabolism associated with advancing age, atherosclerosis, and 
other diseases. To test this hypothesis, 121 men were evaluated in the development and applica- 
tion of a standardized in vitro method for the determination of clearing factor response to mini- 
mal heparin stimulation. Eighty-four men, ranging from 21 to 93 years, selected from this group, 
were evaluated in an age-wise study. Patients with diagnoses of recent myocardial infarction 
(presumptive evidence of coronary atherosclerosis), cirrhosis of the liver, and chronic alcoholism 


were also tested. 


URING the past 6 years, many studies 
of lipid metabolism and its derange- 
ments have been concerned with a clear- 
ing factor evoked in blood plasma by the in 
pivo injection of heparin. Since the observation 
that heparin administration clears the turbidity 
of alimentary lipemic plasma,' many investi- 
gators have sought to elucidate its mecha- 
nisms.?~7 Clearing factor has been identified as a 
plasma lipase, now called “lipoprotein _ li- 
pase,’’> * which hydrolyzes the triglyceride of 
lipoproteins or fat emulsions, reducing it to free 
fatty acid and glycerol.’ ® A linear relationship 
has been observed during the initial in vitro 
clearing of a standard fat emulsion by heparin- 
activated plasma and the release of free fatty 
acid.*: 4 Furthermore, it has been shown that 
the rate of in vitro clearing of a fat emulsion 
is proportional to the concentration of clearing 
factor present, and that the in vitro clearing 
activity of postheparin plasma may be quanti- 
tatively accounted for on the basis of its lipo- 
lytic activity.*: 4 
In view of the possible relationship of plasma 
clearing factor concentration to atherosclerosis 
ind other diseases associated with alterations 
n lipid metabolism, clearing factor response 
ias been extensively investigated in man.!°-!4 
Similarity between possible alterations in lipid 
netabolism with advancing age and atheroscle- 
‘osis has been suggested by experiments in 
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which standard fat meals were administered 
to young and old subjects!®: !® and to patients 
with coronary atherosclerosis.'®: "+ 1* Both the 
old subjects and those with atherosclerosis 
demonstrated prolonged high levels of alimen- 
tary chylomicronemia'® and lipemia.!*: '® Hepa- 
rin injection after a standard fat meal, in one 
study, demonstrated a decreased clearing re- 
sponse in patients with coronary atherosclero- 
sis,'° and in another study, no decrease in clear- 
ing response in atherosclerotic subjects" as 
compared to controls. In a third report,” 
heparin was found to accelerate the clearing of 
alimentary lipemia in normal subjects and 
to initiate the clearing response in subjects with 
coronary atherosclerosis after a standard fat 
meal. 

When fasting subjects with coronary athero- 
sclerosis, the nephrotic syndrome, and idio- 
pathic hyperlipemia were evaluated with re- 
spect to their clearing factor response,” the 
normal control subjects demonstrated the 
greatest clearing; the patients with atheroscle- 
rosis slightly less; and the nephrotic and idio- 
pathic hyperlipemic subjects considerably less 
clearing. Another observer“ found a variable 
clearing factor response in atherosclerotic pa- 
tients, normal or elevated clearing in young 
subjects, and decreased or absent clearing in 
old subjects or those suffering from precocious 
senility. Although one study'” demonstrated 
significantly lower blood lipase levels in older 
people than in the young, these same investi- 
gators'® found no appreciable difference in the 
disappearance rate of chylomicrons following 
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intravenous injection of fatty plasma in old 
subjects as compared to young subjects. 

Inasmuch as no uniform technic or heparin 
dosage was employed to determine clearing 
factor response to heparin stimulation in the 
various studies cited above, results of these 
investigations cannot be compared with each 
other. The research reported here was designed 
to analyze various factors in the development 
of a standardized in vitro assay method for the 
evaluation of clearing factor response to mini- 
mal heparin stimulation in man and to apply 
this method to a study of possible age differ- 
ences in clearing factor response in men. 
Observations were also made on patients with 
recent myocardial infarction and cirrhosis of 
the liver. 


MATERIAL AND METHODS 

One hundred and twenty-one men were selected 
from the population of the Infirmary Division (Old 
Peoples’ Home) and from convalescent patients of 
the Baltimore City Hospitals. These were utilized in 
the analysis of various factors in the development of 
a standardized in vitro assay method for the deter- 
mination of clearing factor response to minimal hep- 
arin stimulation. From this group, 84 men, ranging 
irom 21 to 93 years of age, were selected for an 
evaluation of possible age differences in clearing fac- 
tor response. All subjects were afebrile, free from 
evident acute infection, and on ward diet for at 
least 1 week prior to test. None had evidence of 
recent myocardial infarction, congestive heart fail- 
ure, clinical jaundice, uncontrolled diabetes mellitus, 
the nephrotic syndrome, or had received heparin 
within 1 week prior to study. No attempt was made 
to identify subjects with or without atherosclerosis, 
in view of the improbability of completely excluding 
this disease in any subject in the age group studied. 
Tests were also performed on 7 subjects with a di- 
agnosis of recent myocardial infarction and 6 sub- 
jects with a diagnosis of cirrhosis of the liver. 

Heparin Sodium, 3 mg. in 5 ml. of isotonic saline* 
injected intravenously, was used as the clearing fac- 
tor stimulus. Control and 8-minute postheparin 
blood samples (25 ml.) were obtained from all sub- 
jects after an overnight fast (at least 12 hours). 
Blood samples were immediately mixed with dried 
sodium oxalate (1 mg./ml. blood) and cooled to 0 C. 
in an ice bath. The plasma was separated by cen- 
trifugation at 0 C. It was subsequently kept at 0 C. 
or frozen until used. Substrate consisted of a 1 per 


* The author wishes to acknowledge the courtesy 
of Dr. E. A. Hawk of the Upjohn Company in sup- 
plying the heparin for this investigation. 
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cent emulsion of coconut oil (Ediol)+ freshly pre- 
pared with distilled water. Three tenths of a milliliter 
of this emulsion was added to and thoroughly mixed 
with a 4.5 ml. aliquot of postheparin plasma, whicl 
had been previously incubated for 10 minutes in a 
water bath at 30 + 1 C. This proportion, in general 
gave an initial optical density reading between 0.60( 
and 0.700 against distilled water on the Beckman 
Model DU Spectrophotometer, with microcuvette: 
(3 by 10 by 25 mm.) at 6500 A. The postheparir 
plasma-fat emulsion mixture was kept in the 30 C 
water bath for 1 hour. During this time, optical 
densities were read every 5 minutes on 0.3 ml. ali 
quots of the mixture. Optical densities of contro 
plasma and control plasma-fat emulsion mixtures 
were similarly determined. A graph of optical density 
versus time was then plotted for each sample. To 
this plot, a straight line was visually fitted at the 
section demonstrating the greatest rate of change in 
optical density. The negative slope of this line, k, 
(decrease in optical density per hour), was taken to 
represent the rate of clearing of postheparin plasma. 

In preliminary studies, heparin dosage, state of 
alimentation, time of postheparin blood sample, ef- 
fect of temperature on rate of clearing, type of sub- 
strate used, and the effect of room temperature on 
clearing factor activity were evaluated. An analysis 
of the method presented here included its reproduc- 
ibility, proportionality between / and clearing factor 
concentration, effect of freezing and storing at 0 C. 
on clearing factor activity, and biological variability. 
Reproducibility was determined by simultaneous 
duplicate runs on aliquots of 52 postheparin plas- 
mas. Proportionality between k and clearing factor 
concentration was tested by determining calculated 
versus observed k’s for 57 mixtures of postheparin 
plasmas and 28 mixtures of postheparin and control 
plasmas. Effects of freezing and storing at 0 C. on 
clearing factor activity were tested in 3 categories. 
Forty postheparin plasma samples were frozen and 
stored for 1 day to 2 weeks, k first being determined 
on the fresh plasma. Fifty-three mixtures of post- 
heparin plasmas and 66 mixtures of postheparin 
plasma with control plasma were similarly tested 
after freezing and storing for 1 day to 8 weeks. 
Biological variability was determined by repeat runs, 
at least 1 week apart, on 34 subjects. 


RESULTS 
Figure 1 illustrates the graphic determina- 
tion of k for high, intermediate, and low k’s. In 
testing reproducibility of the method, simulta- 
neous duplicate runs on aliquots of 52 post- 
heparin plasmas yielded a standard error of the 
mean k = +0.05, r = 0.98. A scatter plot of 


+ Ediol was kindly supplied by Mr. Stanley J. 
Schapiro of Schenley Laboratories, Inc. 
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Fig. 1. Relation between optical density and time 
xpressed as rate of clearing, k, (decrease in optical 
density per hour) of mixtures of postheparin plasma 
and fat emulsion. Readings of optical density have 
been corrected for control plasma in each case (Con- 
trol O.D. = 0.082, 0.080, and 0.063, respectively). 
High (A), intermediate (B), and low (C) k’s are illus- 
trated (k = 1.12, 0.66, and 0.14, respectively). 
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Fic. 2. Reproducibility of the method. Simul- 
taneous duplicate runs on aliquots of 52 postheparin 
plasmas. Standard error of mean k = +£0.05, r = 0.98. 


duplicate runs is shown in figure 2. Observa- 
tions on the proportionality between k and 
clearing factor concentration for 57 mixtures 
of postheparin plasmas indicated a standard 
error of the mean k = +0.10, 7 = 0.95, when 
calculated k’s were compared with observed 
k’s. Twenty-eight mixtures of postheparin 
plasma and control plasma similarly evaluated 
yielded a standard error of the mean k = 
+0.08, r = 0.94. Effects of freezing and storing 
at 0 C. on clearing factor activity were as fol- 
lows: 40 postheparin plasma samples frozen 
and stored for 1 day to 2 weeks gave a standard 
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Fig. 3. Biological variability. Repeat runs on 34 
subjects at least 1 week apart. Standard error of 
mean k = +0.13, r = 0.98. 


error of the mean k = +0.14, r = 0.93; 53 
mixtures of postheparin plasma frozen and 
stored for 1 day to 8 weeks yielded a standard 
error of the mean k = +0.11, r = 0.93; and 66 
mixtures of postheparin plasma with control 
plasma similarly tested after freezing and stor- 
ing gave a standard error of the mean k = 
+0.09, r = 0.90. Biological variability in 34 
subjects tested by repeat runs at least 1 week 
apart yielded a standard error of the mean k 
= +0.13, r = 0.93. A scatter plot of repeat 
runs is shown in figure 3. 

Eighty-four men, evaluated as an agewise 
sample (21 to 93 years) for clearing factor re- 
sponse, demonstrated a mean k of 0.74, oa = 
0.29. Mean age was 61.3 years, og = 17.8. 
Range of k in this group was from 0.13 to 1.40. 
Kight subjects demonstrated k greater than 
1.10. The 3 youngest of these (32, 42, and 51) 
all had diagnoses of chronic alcoholism. Of the 
remaining 5 subjects (68, 77, 78, 80, and 89), 
none had been diagnosed as a chronic alcoholic. 
Incidence of alcoholism in the 76 subjects with 
k < 1.10 was not determined. It is interesting 
to note that the 68-year-old subject (k = 1.22) 
developed an acute myocardial infarction 8 
weeks after being tested for clearing factor 
response. 

Table 1 presents the mean k for each decade 
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TABLE 1.—Agewise Distribution of Clearing Factor 


Response by Decades 


Num- 


ber Mean | Mean 
of k 


Age group 
Age grou} age 


sub- 
jects 
20-29 3 ii. .53 to .66 (range) 
30-39 7 | 33.- p 3d 
40-49 1] | 44.: te 25 
50-59 15 ; : 25 
60-69 18 | 64.¢ 3 .34 
70-79 14 | 73.5 | . 31 
SO-S9 14 ; 86 .25 
90-99 2 


.28 to .84 (range) 


Entire Group 
(21 to 93 


vears) 


AGE IN YEARS 

Fic. 4. Agewise distribution of clearing factor 
response, k, in a group of 84 men, ranging from 21 to 
93 years. Subjects with diagnosis of chronic aleo- 
holism are represented by an x. Agewise regression 
for the entire group of 84 is indicated by the solid 
line. Agewise regression for 80 subjects, excluding 4 
with diagnosis of chronic alcoholism, is indicated by 
the broken line. 


Except for the 2 subjects over 90 years, there 
appears to be a slight over-all increase of mean 
k with age in this sample. Figure 4 shows the 
individual k’s as a scatter plot versus age. 
Agewise regression lines have been drawn with 
and without including 4 young subjects (32, 42, 
51, and 53) with diagnoses of chronic alcohol- 
ism. The apparent increase of k with age is not 
statistically significant when the alcoholics are 
included. When they are omitted, however, 
the regression of k on age becomes significant 
at p <0.02. The mean increase of k per decade 
in this instance is 0.04. 


When 7 patients with recent myocardi:| 
infarction (mean k = 0.74) were compared with 
subjects evaluated agewise in the same ave 
decades (40 to 69 years, mean k = 0.69), 1 
significant difference was observed. 

None of the 84 subjects in the agewise samp 
had been diagnosed as having cirrhosis of tl 
liver. One patient with clinical jaundice due + 
hepatic cirrhosis, separately examined, yield 
a k = 1.60. Consequently, 5 other patieni 
with cirrhosis of the liver, all with clinical! - 
manifest jaundice, were separately evaluated, 
Their mean k was found to be 1.01. When this 
group was combined with the 4 chronic alec- 
holics (mean k = 1.09), and examined as 
group of 10 (mean k = 1.04), they were found 
to differ significantly (p <0.01) from the age 
wise sample (mean k = 0.67) in the same dec 
ades (30 to 69 years). 


DISCUSSION 


In attempting to establish individual differ- 
ences in clearing factor response in man, a 
standardized method would appear to be es- 
sential. Development of such a method involved 
the consideration of several parameters. In 
previous studies, heparin dosage ranged from 
3 to 100 mg. or more.'°-" Although the heparin 
dosage falling within the physiologic dose- 
response curve may vary with the spe- 
cies,?» ®& 7-19 3 mg. of heparin yields a suitable 
submaximal physiologic stimulus level in man. 
Under the standardized conditions of the study 
discussed here, with 3 mg. of heparin, no rela- 
tionship was observed between body weight 
and clearing factor response, although weights 
varied over a wide range. The state of alimen- 
tation also has varied. Some studies" were 
performed on _ fasting subjects, while 
others’: "+15 were performed after standard 
fat meals. Variability in postprandial lipemia 
made it desirable to use subjects after an over- 
night fast (at least 12 hours). The substrate 
employed in various investigations has varied 
from an alimentary lipemic plasma produced 
by various standard fat meals'®-" to standard 
fat emulsions.*: *: 6 

A standard coconut oil emulsion (Ediol) 
employed by one group of investigators‘ was 
used in this study. Time of postheparin blood 
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mpling has differed. In studies on plasmas 

‘tained 8, 15, and 30 minutes after heparin 

lministration, the greatest clearing factor 

sponse was generally obtained in the 8-minute 
mple. Lesser clearing activity was observed 
the 15- and 30-minute samples; activity 
ecreasing With increasing time after injection. 
‘‘onsequently, an 8-minute postheparin blood 
imple was chosen to obtain an estimate of the 
eight of clearing factor response. No tempera- 
ure control is indicated in many previous 
tudies, although the enzymatic nature of the 
eaction would appear to make this obligatory. 
ffect of temperature on rate of clearing was 
nvestigated and a Qi of about 1.4 was found. 
\ temperature of 30 + 1 C. was therefore se- 
lected as producing a convenient intermediate 
rate of clearing within the range of temperature 
found in the laboratory. Clearing factor activity 
decreased when postheparin plasma was al- 
lowed to stand at room temperature. Thus, 
after 2 hours at 25 C., clearing factor activity 
had attenuated approximately 30 per cent. 
Consequently, all plasma was extracted at 0 C. 
and kept at 0 C. until used. 

Although 25 ml. of blood were used in these 
studies, several parameters being evaluated 
on aliquots of the same plasma, the test may be 
performed with 10 ml. of blood or less, 3.0 ml. 
of postheparin plasma being required. 

In this in vitro test, if the fat emulsion sub- 
strate is acted upon by an enzyme system and 
the optical density at 6500 A is a measure of 
the concentration of fat emulsion present, the 
optical density of the mixture would decrease 
at a constant rate determined by enzyme con- 
centration as long as excess substrate was 
present. Under these circumstances, this rate 
could be determined by noting the change in 
optical density in a given period of time,!® or 
ihe time required for given change in optical 
lensity.* The negative slope of a plot of optical 
lensity versus time is not constant, but may 
nerease to a maximum in 0 to 60 minutes, and 
lecrease subsequently, or approach an asymp- 
ote. The approximately constant maximal 
‘ate of change, usually of the midportion of 
he curve, has been used and is shown to be 
vell reproducible. This is closer to the maximal 
‘ate than the mean rate of change for the period 


of observation, or the time required for a given 
change in optical density, and provides a wider 
spread of values than the use of only 2 points. 

It is recognized that clearing factor may act 
simultaneously upon both an exogenous stand- 
ard fat emulsion that contributes turbidity and 
an endogenous nonturbid lipoprotein-linked 
triglyceride. However, it is suggested that the 
endogenous lipoprotein-linked triglyceride per 
se does not exert an appreciable influence upon 
the initial rate of clearing of fat emulsion. This 
is postulated in view of the observations‘ that 
there is a constant ratio (1.4:1.0) between per 
cent change in optical density to per cent of 
coconut oil total fatty acid released in free 
form, and that the amount of free fatty acid 
released during clearing never reached the 
total amount of coconut oil fatty acid added to 
the incubation mixture even when clearing was 
complete and the optical density of the mixture 
had returned to control levels. Thus, even the 
exogenous fat emulsion substrate is probably 
not completely hydrolyzed during the initial 
clearing reaction. Under the standardized 
conditions of the study discussed here, it is 
suggested that there is excess albumin to act 
as a fatty acid acceptor, even in cases of hy- 
poalbuminemia. This is postulated in view of 
the fact that in cirrhotic patients with severe 
parenchymal liver damage, hypoalbuminemia, 
and marked inversion of the albumin: globulin 
ratio, rapid clearing progresses as a linear rate 
of change of optical density with time. Further- 
more, even assuming a hypoalbuminemia of 2 
Gm. per 100 ml. of plasma in the in vitro sys- 
tem used in these studies, the exogenous fat 
emulsion substrate is of the order of 3 mg., 
while the amount of albumin available as 
fatty acid acceptor is of the order of 90 mg. In 
other circumstances, where the hypoalbumine- 
mia is accompanied by marked endogenous 
hyperlipemia, it is conceivable that conditions 
for an in vitro clearing reaction may not be 
optimal. This may be the result of either an 
initially high optical density of the plasma due 
to visible endogenous lipemia or to lack of 
sufficient free fatty acid acceptor or both. In 
such cases, appropriate modification of the 
in vitro clearing system might be considered. 

No evidence was obtained in this study to in- 
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dicate a decrease in intravascular clearing 
factor response, either in old subjects or in 
patients with recent myocardial infarction. 
Consequently, it would appear unlikely that 
the persistent lipemia: '® and chylomicrone- 
mia,'® which have been reported for old sub- 
jects: '6 and patients with coronary athero- 
sclerosis™ after a standard fat meal, are due to 
an intravascular deficiency or absence of clear- 
ing factor or its precursors. Clearing factor 
response can be evoked by minimal intravenous 
exogenous heparin stimulation in these subjects 
to at least the same degree as that found in 
young subjects or subjects without recent 
myocardial infarction. Evidence _ indirectly 
implicating the gastrointestinal tract is found 
in the equal response of old and young subjects 
with respect to disappearance rate of chylomi- 
crons following intravenous injection of fatty 
plasma!® and the 21 per cent decrease in 
pancreatic lipase in old versus young men.'8 
Further information suggesting gastrointesti- 
nal involvement is supplied by the observation 
that intravenous infusion of a fat emulsion 
evokes a decrease in serum lipids and changes 
in their electrophoretic pattern in normal 
human subjects during alimentary lipemia, in 
patients with idiopathic hyperlipemia, and 
in dogs.'® These alterations appear to be identi- 
cal with those produced in serum lipids by 
intravenous heparin injection. Thus, while 
intravenously administered fatty plasma or 
fat emulsions may produce adequate clearing 
and hydrolysis of triglyceride, endogenous 
production of clearing factor in response to the 
stimulus of a fatty meal via the gastrointestinal 
tract may be impaired in old subjects, in 
patients with coronary atherosclerosis, and 
perhaps also in patients with idiopathic hyper- 
lipemia. 

The increased k obtained in 10 patients with 
diagnoses of chronic alcoholism or cirrhosis 
of the liver supports another report of a 
greatly increased clearing factor response in a 
subject with ethanolic cirrhosis of the liver. 
Perfusion experiments in rats,?° wherein 
citrated plasma was mixed with heparin and 
perfused through the isolated hind limbs, the 
lungs, and all of the abdominal viscera drained 


by the portal vein, demonstrated clearing 
factor production in each instance. The liver, 
however, produced no clearing factor upon 
such perfusion. Furthermore, perfusion >f 
postheparin plasma (containing active clearig 
factor) through the liver resulted in a decrease 
in its clearing activity. Also, in rats injectcd 
with heparin, blood from the inferior veia 
cava, portal vein, and aorta had similar clea-- 
ing activity, while that from the hepatic ve n 
demonstrated less clearing activity than th:.t 
of the aortic blood. It is, therefore, suggested 
that one cause of the increase in clearing factor 
activity found in the postheparin plasma cf 
some subjects may be a decrease in the func- 
tional capacity of the liver parenchymal cel's 
to remove or inactivate clearing factor. 

Although no common diagnosis or patho 
logic etiology could be discovered for the 5 
subjects in the sample of 84 that gave k’s less 
than 0.20 (31, 63, 64, 65, and 74 years old, 
respectively), a patient separately examined 
who was suffering from anemia due to gastro- 
intestinal bleeding demonstrated a k = 0.13. 
Furthermore, a patient developing active 
pulmonary tuberculosis had progressively 
lower k’s on repeat examinations several weeks 
apart. Another patient with initially low / 
demonstrated an increase in k upon convales- 
cence from an acute exacerbation of his chronic 
renal disease. These observations support the 
report’ of absence or decrease in clearing 
factor response in infections, fevers, and 
anemia, clearing factor response reappearing 
with convalescence in certain instances. 


SUMMARY AND CONCLUSIONS 


A standardized in vitro method for the evalu- 
ation of clearing factor response to minimal 
heparin stimulation in man has been developed. 
This method supplements, modifies and in. 
corporates various features of tests now in us¢ 
and critically analyzes some of the factors 
involved. Reproducibility and biological vari 
ability of the method have been determined 

Rate of clearing, k, (decrease in optica! 
density per hour) was found to have a standard 
error on repeat runs on the same subject ol 
+0.13 k. Evidence has been presented suggest- 
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ing that the rate of clearing, k, is proportional 
tc the concentration of clearing factor present. 
F eezing and storage at 0 C. produced no 
appreciable attenuation of clearing factor 
activity. 

Clearing factor response to minimal heparin 
stimulation was determined in an agewise 
siudy of 84 men, ranging from 21 to 93 years. 
\o statistically significant agewise regression 
vas found, although a tendency toward an 
i.crease in clearing factor response with age 
\\as present. 

Four young subjects diagnosed as chronic 
«coholies had a mean high k, 3 of these having 
the highest k’s in the 21-59 age group. Six 
additional patients with cirrhosis of the liver 
also had a mean high é value. Liver pathology, 
either subclinical or clinical, may account for 
these high k values. 

Seven patients with recent myocardial 
infaretion (presumptive evidence of coronary 
atherosclerosis) demonstrated no lesser clearing 
factor response to intravenous heparin stimu- 
lation than did subjects who were not known 
to have had a recent myocardial infarction. 
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SUMMARIO IN INTERLINGUA 


Iisseva disveloppate un methodo — stan- 
dardisate pro le evalutation in vitro del responsa 
del factor de clarification al stimulation per 
heparina in quantitates minimal in subjectos 
human. Iste methodo supplementa, modifica, 
¢ incorpora in se varie aspectos del tests nunc 
in uso e analysa criticamente alicunes del 
iactores implicate. Le reproducibilitate e le 
variabilitate biologie del methodo ha essite 
determinate. 

Le clarification, exprimite como k e definite 
omo reduction del densitate optic per hora, 
‘sseva determinabile per le methodo con un 
‘rror standard, establite per repetitiones del 

‘sts pro subjectos individual, de +0,13 k. Es 


presentate datos que pare provar que le 
clarification per unitate de tempore es pro- 
portional al concentration del factor de 
clarification. Refrigeration e immagasinage a 
0 C non resultava in appreciabile reductiones 
del activitate del factor de clarification. 

Le responsa del factor de clarification al 
stimulation per heparina in quantitates mini- 
mal esseva determinate, con referentia al etate 
del subjectos, in 84 homines de inter 21 e 93 
annos de etate. Esseva trovate nulle statisti- 
camente significative regression con le avantia- 
mento del etate, sed le gruppo studiate mons- 
trava un tendentia del responsa del factor de 
clarification de augmentar se con le avantia- 
mento del etate del subjectos. 

Quatro juvene subjectos, diagnosticate como 
alcoholicos chronic, habeva alte valores medie 
pro k. Tres de illes habeva le plus alte valores 
pro k in le gruppo de etates de inter 21 e 59 
annos. Sex altere patientes con cirrhosis del 
hepate habeva etiam alte valores medie pro k. 
Morbo hepatic, clinic o subclinic, representa 
possibilemente un explication de iste alte 
valores pro k. 

Septe patientes con recente infarcimento 
myocardial (reguardate como prova presump- 
tional de atherosclerosis coronari) non mons- 
trava plus basse responsas .del factor de 


clarification al stimulation per heparina intra- 


venose que subjectos sin evidentia de recente 
infarcimentos myocardial. 
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Bergy, G. G., Burroughs, R. W., and Bruce, R. A.: Effects of Cortisone on Metabolic Responses 
in Myocardial Infarction. Am. J. M. Sc. 232: 513 (Nov.), 1956. : 


Five patients with myocardial infarction received cortisone within 48 hours of the onset of 
the attack in doses of 75 mg. orally every 6 hours decreasing to 25 mg. daily after the twelfth day. 
The usual supportive measures were employed, including pressor agents in 1 patient with shock. 
Anticoagulants were not used. Electrolyte and water balance measurements were obtained during 
the course of treatment. Neither morbidity nor mortality was influenced by cortisone therapy 
in this small group. Death occurred in 2 patients as predicted by the Pathologic Index Rating on 
admission. The treatment had no stabilizing effect upon blood pressure and did not prevent hypo- 
tension. Moderate sodium and water retention occurred in the 2 patients who died, but did not 


occur in the 3 patients who survived. 
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Cancellation of Esophageal Electrocardiograms 


By Raven F. Morton, M.D., Witiiam E. Romans, B.S., anp Danie, A. Bropy, M.D. 


Cancellation of juxtacardiac esophageal electrocardiograms, as demonstrated in this study, indi- 
cates certain limitations of the equivalent cardiac dipole hypothesis. A new and more fundamental 
theory developed here shows that in large measure cancellation occurs because the cancellation 
network is in effect a relatively insensitive electrocardiographic connection, and because there is 
always prior assurance that a given complex can be completely canceled at any 2 desired instants 
during the cycle. The new theory also explains the paradox that proximity electrocardiograms can be 
canceled even though local action currents exert a relatively powerful influence on such leads. 


; YANCELLATION of body surface electro- 
A cardiograms in health and disease has 
been abundantly demonstrated during the 
past few years.'-? One possible explanation of 
the cancellation phenomenon is that the effec- 
tive behavior of the electromotive forces of the 
heart is essentially that of a single, fixed- 
location current dipole. Frank,‘ in support of 
such an equivalent cardiac dipole hypothesis, 
demonstrated that the electrocardiographic 
potentials on the body surface of a single sub- 
ject were approximately dipolar in distribution. 
He showed further that numerous pairs of 
electrocardiographic mirrors were very nearly 
located diametrically opposite each other in 
image space from the electric center of a model 
patterned from the subject.® 

Despite this striking evidence in support of 
the equivalent cardiac dipole hypothesis, it 
occurred to us that other physical factors may 
play an important role in the cancellation 
phenomenon, and that it might even be pos- 
sible to obtain cancellation of electrocardio- 
grams derived from regions that are in extreme 
proximity to the heart. In order to explore this 
possibility we undertook a systematic search 
for mirror patterns of electrocardiograms re- 
corded from the juxtacardiac region of the 
esophagus. It is this study that forms the 
experimental basis of the present report. 


MetHops AND MATERIALS 


Patients from the medical service of our teaching 
hospital were employed in this study. None of them 
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had cardiac disease, and all were in relatively good 
physical condition except for 1 who suffered from 
moderately severe pulmonary emphysema. A pre- 
viously described esophageal electrode® was passed 
pernasally and advanced down the esophagus until 
a transitional QRS electrocardiogram was obtained 
with respect to a terminal formed by tieing the 
left arm and leg together through matched 68,000- 
ohm resistors. A suction cup electrode, 15 mm. in 
diameter, was applied to various regions of the 
torso until a reasonably good mirror of the esophag- 
al QRS complex was obtained. With a 500,000-ohm 
potentiometer connected between the esophageal 
and search electrodes, Schmitt’s cancellation pro- 
cedure! was pursued until optimum results were 
obtained. The procedure was repeated with the tip 
of the esophageal tube located 4 em. distally and 
proximally from the point of transitional QRS 
registration. In addition, cancellation of the right 
arm potential was performed in. order to provide 
reference values and to check upon the quality of 
our technic. 

Because of discomfort due to the presence of the 
esophageal tube, the cancellation procedure could 
not be completed at all 3 esophageal levels in some 
of the subjects. Cancellation from the infratransi- 
tional position was performed 24 times, once in each 
of 22 subjects, and twice in 1 subject. Cancellation 
from the transitional position was performed 25 
times, once in each of 17 subjects, and twice in each 
of 4 subjects. Cancellation from the supratran- 
sitional level was performed 29 times, once in each 
of 21 subjects, and twice in each of 4 subjects. The 
right arm potentials were cancelled once in each of 
23 subjects. 

Cancellation coefficients were calculated from 
the equation 


: = 50r(1/R + 1/S)%, 


where c is the cancellation coefficient, and r, R, 
and S are the peak-to-peak amplitudes, respectively, 
of the QRS complexes in the cancellation, reference, 
and search electrocardiograms. This formula, 
although different in form from Schmitt’s formula,! 
is virtually equivalent to it. 
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RESULTS 


A typical cancellation for each of the 3 
esophageal levels that we explored is shown in 
figure 1. The QRS complexes were generally 
diphasic with an initial negativity and terminal 
positivity. The deflections were predominantly 
positive at the infratransitional level, equi- 
phasic at the transitional level, and predomi- 
nantly negative at the supratransitional level. 
The esophageal tracings were recorded with 
reversed polarity in order to facilitate recog- 
nition of their mirror patterns during explora- 
tion of the body surface. 

Nineteen mirror locations of the infratransi- 
tional level occurred very nearly on the right 
midelavicular line between the clavicle and 
the fourth rib, 2 occurred anteriorly over the 
right shoulder joint, 1 in the right supraclavic- 
ular fossa, 1 over the spinous process of the 
right scapula, and 1 over the seventh rib in the 
right anterior axillary line. All of the mirror 
locations of the transitional esophageal level 
were clustered on the left midclavicular line 
between the fourth and sixth ribs, except for 2 
that were located in the first interspace half- 
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Fic. 1. Typical cancellation of QRS complexes 
recorded at the supratransitional, transitional, and 
infratransitional levels of the esophageal lumen. 
The esophageal tracings were recorded with reversed 
polarity in order to facilitate recognition of their 
mirror patterns during exploration of the body 
surface. 
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way between the left sternal margin and mid- 
clavicular line, and 2 in the third interspace 
slightly medial to the left midclavicular line. 
All except 3 mirror locations of the supratransi- 
tional level were found in an area on the left 
chest wall that was bounded by the fifth and 
ninth ribs, and the midclavicular and mid- 
axillary lines. The remaining 3 locations oc- 
curred at the same level but between the 
midaxillary and posterior axillary lines. 

A statistical analysis of the results is sum- 
marized in figure 2 and table 1. The control 
studies on the right arm potentials provided 
the best cancellations of all, with an average 
cancellation coefficient of 6.1 per cent and a 
standard deviation of 5.5 per cent. In decreas- 
ing order of excellence, average cancellation 
coefficients of 9.3, 11.2, and 13.5 per cent were 
found at the supratransitional, infratransi- 
tional, and transitional levels, respectively. 
The standard deviations were 4.6, 8.3, and 7.9 
per cent, respectively. Of the whole group only 
one attempt resulted in no cancellation (can- 
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Fig. 2. Frequency distribution of esophageal can- 
cellation data. The data include 24 cancellations at 
the infratransitional level, 25 at the transitional level, 
and 29 at the supratransitional level. Twenty-three 
cancellations of right arm potential were performed 
to obtain a control value, and to check technic. 
Schmitt’s! categories of excellent, good, fair, poor, 
and bad are indicated by the letters on the abscissas. 
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TABLE 1. 


Number of 


ee 
osition . 
Posit cancellations 


Excell. Good 


ight arm 23 78.3% 
ifratransitional 24 41.7 25.0 


ransitional.... 25 28.0 28.0 
upratransitional 29 51.8 31.1 


Quality of cancellations* 


13.1% 


Summary of Esophageal Lead Cancellations Performed on Twenty-seven Subjects 


Average cancel 
lation coefficient S.D. 
Bad per cent 
a 


Fair Poor 

4.4% 0% 4.4% 
20.9 0 8.3 
16.0 16.0 12.0 
10.4 0 6.9 


* This follows Schmitt’s! classification of a cancellation coefficient of 0 to 8 per cent as excellent, 
8 to 12 per cent as good, 12 to 16 per cent as fair, 16 to 20 per cent as poor, and 20 to 40 per cent as 


bad. One trial at the infratransitional level resulted in a coefficient of 42.2 per cent, i.e. 


cellation.’’ 


ellation coefficient greater than 40 per cent). 
‘his failure occurred at the infratransitional 
osition. 

Undoubtedly technical difficulties account 
o some extent for the fact that cancellation of 
‘itra-esophageal potentials were not so good as 
those of right arm potentials. This seemed to 
be particularly true at the transitional level, 
where it was noted that patient discomfort, as 
manifested by restlessness and swallowing 
movements, produced obvious changes in the 
form of the electrocardiogram. 
Schmitt and associates! estimated that their 
cancellation data would have been approxi- 
mately 20 per cent better if they had searched 
more exhaustively than practical considera- 
tions permitted. In our cancellations of the 
right arm potentials sufficient care and patience 
were exercised to achieve virtually optimum 
results. On the other hand, we probably did not 
achieve similar precision of esophageal cancel- 
lations due to unavoidable movements, espe- 
cially swallowing, by the subjects. Therefore, it 
appears likely that cancellations of esophageal 
QRS complexes exist that are significantly 
better than our data indicate. However, we do 
not know how much better such cancellations 
would be under ideal conditions as compared 
to practical conditions. 


reference 


DISCUSSION 


Despite the great proximity of the lower 
esophageal lumen to the heart, surprisingly 
good cancellation of electrocardiograms de- 
rived from this region can be achieved. Such 
cancellations cannot be explained on the basis 
of the equivalent cardiac dipole concept be- 


, no ean- 


cause the electrode locations are much too 
close to the heart to hypothesize that the dis- 
tribution of electrocardiographic potentials in 
the vicinity of the esophageal electrode closely 
resembles the potential distribution due to a 
single, fixed-location dipole. Therefore, we have 
developed a new and more general theory of 
cancellation that includes the cancellation of 
body surface electrocardiograms as a special 
case. 

The principles of the new theory are illus- 
trated in figures 3 and 4, which show, respec- 
tively, the lead field’:* of a “unipolar” eso- 
phageal lead connection and of a cancellation 
network that produces exact cancellation of 
the esophageal potential at a given instant of 
the electric cycle of the heart. The fields are 
plotted as isoflow intervals of lead field current 
in a 2-dimensional model according to a previ- 
ously published method.’ Although the models 
are highly schematized with respect to shape, 
electric inhomogeneity, and disposition of the 
electromotive forces of the heart, the principles 
derived from them apply with complete validity 
to the cancellation of actual esophageal electro- 
cardiograms. 

In the case of the esophageal connection a 
uniform cardiac dipole front is shown crossing 
6 isoflow intervals and thereby producing a 
relative deflection of 6 units in the recording 
device. In the case of the cancellation connec- 
tion the same dipole front extends between 2 
flow lines of equal value and therefore produces 
no deflection of the recording device. Since 
complete cancellation occurs whenever a dipole 
front extends between 2 flow lines of equal 
value in the lead field, it is evident from a con- 
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Fic. 3. Lead field (isoflow intervals) of a ‘‘uni- 
polar’? esophageal lead in a highly schematized, 
2-dimensional model of the human body. The refer 
ence terminal is formed by connecting the 2 elec- 
trodes, P; and P», together through equal resistors, 
R,. Since P; and P» lie on a vertical axis that passes 
through C, the reference terminal is indifferent to 
any dipole that may be located at C. C is also em- 
ployed as the center of a uniform circular dipole front 
shown in the figure. The lead field current emanating 
from the esophageal electrode, E, has been divided 
into 20 equal portions. Since the dipole front crosses 
6 of these isoflow intervals, it produces a relative 
deflection of 6 units between the terminals of the lead 
connection. 


sideration of figure 4 that there may exist 
innumerable dipole fronts about the electric 
center,* C, which will fail to produce a deflection 
of the recording device. Conversely, there exist 
innumerable combinations of search electrode 
position and potentiometer setting that will 
produce exact cancellation of the dipole front 
shown in the illustration. 

Because of this infinite multiplicity of 
cancellation conditions for a single dipole 
front, at least one such condition can be found 


* Attention is called to the fact that the electric 
center is equivalent to the null point of McFee and 
Johnston 


Fic. 4. Lead connection that will produce complet: 
cancellation of the dipole front shown in figure 3. The 
conditions are the same as in figure3 except for the ad 
dition of a search electrode, S, located on the surface 
of the model diametrically opposite from the esophag 
eal electrode, E, and a potentiometer connected be 
tween electrodes EF and S. Adjusting the potentiometer 
so that 36 per cent of the lead field current enters 
through £, and 64 per cent through S causes the lines 
of 0flowto meet at the center, C, of the circular dipole 
front. The point, C,is the “electric center” of the can 
cellation connection, inasmuch as any dipole located at 
the point will fail to produce a deflection of the meter. 
Since the circular dipole front extends between 2 
flow lines of equal value, it also fails to produce a 
deflection of the meter. It is evident from a consid- 
eration of the lead field that innumerable dipole 
fronts may exist that will be completely canceled by 
this particular lead connection. Also note that the 
lead field in the vicinity of the electric center is much 
“weaker” than it is in the case of the unipolar eso 
phageal lead connection of figure 3. 


that will produce complete cancellation at each 
of 2 given instants during the electric cycle of 
the heart. In the case of a diphasic complex the 
conditions can be arbitrarily chosen to produce 
complete cancellation of the maximum positive 
and negative potentials. Therefore, without 
regard to the equivalent cardiac dipole hypoth- 
esis, complete cancellation of the major peaks 
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f a diphasic esophageal QRS complex is 

ssured a priori. 

Theoretically, if at all other instants during 
he QRS cycle the dipole front were fortuitously 
o extend between flow lines of equal value in 
he lead field, complete cancellation of the 
JRS complex would result. In practice the 
listribution of the electromotive forces of the 
ieart only approximates the ideal distribution, 
ind some potential is usually recorded except 
it the 2 instants of complete cancellation. How- 
-ver the lead field in the vicinity of the electric 
enter is relatively “weak,” and therefore 
leviations from the theoretically ideal distribu- 
ion of dipole fronts are minimized in the can- 
ellation electrocardiogram. 

This theory of cancellation applies as well to 
ody surface electrocardiograms as it does to 
uxtacardiace electrocardiograms. For instance, 
if the esophageal electrode in figure 4 were 
shifted to a position on the model surface 
diametrically opposite from the search elec- 
trode, and the potentiometer setting then 
adjusted so that the dipole front again lay 
hetween 2 zero-flow lines of the lead field, 
complete cancellation of the dipole front with 
respect to a “precordial” electrode would 
result. The lead field in the vicinity of the 
electric center would be weaker in the case of 
the precordial cancellation than in the case of 
the esophageal cancellation. Therefore, cancel- 
lation of the entire QRS complex would tend 
to be better for precordial electrocardiograms 
than for esophageal electrocardiograms. This 
theoretically anticipated difference in the 
relative excellence of cancellation is in accord 
with our experimental findings. 

The new theory of cancellation presented 
here resolves the paradoxic implication of the 
equivalent cardiac dipole hypothesis that 
proximity electrocardiograms are not strongly 
influenced by local action currents. As an 
example, it is apparent in figure 3 that the 

esophageal electrocardiogram is influenced 
most strongly by the axial portion of the dipole 
front. Analysis of the search electrode lead 
field (not illustrated here) shows that the axial 
portion of the dipole front exerts the least in- 
fluence upon the mirror electrocardiogram. 
Nevertheless, due to the characteristics of the 


lead field shown in figure 4, exact cancellation 
does occur. Obliteration of the axial portion of 
the dipole front, for instance by myocardial 
infarction, would exert a much stronger influ- 
ence on the reference electrode than on the 
search electrode. However, cancellation could 
readily be re-established by shifting the setting 
of the potentiometer shown in figure 4. 

In comparing the relative merits of the 2 
theories of the cancellation phenomenon it 
should be noted that equivalent cardiac dipole 
hypothesis is essentially an application of lead 
vector theory in which it is assumed that the 
total electromotive activity of the heart can be 
represented with sufficient accuracy as a 
single, fixed-location dipole in a homogeneous 
medium. On the other hand, the new theory of 
‘ancellation developed here is an application 
of the more general lead field theory. The new 
theory indicates the limitations of the equiva- 
lent cardiac dipole hypothesis rather than 
invalidating it completely, and it does account 
satisfactorily for the inconsistencies and 
paradoxes to which the equivalent cardiac 
dipole hypothesis leads. 


SUMMARY 


Cancellation of QRS complexes recorded 
from infratransitional, transitional, and supra- 
transitional electrocardiographic levels of the 
esophageal lumen was attempted in 27 sub- 
jects. Forty-one per cent of the attempts 
resulted in excellent, 28.2 per cent in good, 
and 15.4 per cent in fair cancellations. 

Because of the extreme proximity of the 
lower esophageal lumen to the heart, the 
equivalent cardiac dipole concept cannot be 
invoked as an explanation for the cancellability 
of electrocardiograms recorded from this region. 
A new theory of cancellation is presented that 
depends upon an analysis of the lead field 
associated with the cancellation connection. 

Cancellation of either esophageal or body 
surface electrocardiograms is not a critical test 
of the equivalent cardiac dipole hypothesis 
because a cancellation connection is a relatively 
insensitive electrocardiographic lead, and be- 
‘sause there is prior assurance that complete 
cancellation may be obtained at any 2 desired 
instants of the QRS cycle. 
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The existence of the cancellation phenom- 
enon does not preclude the possibility that 
proximity leads are selectively affected by 
local action currents. On the contrary, it is 
theoretically certain that proximity leads are 
affected most strongly by local action currents, 
despite the existence of cancellation. 


SUMMARIO IN INTERLINGUA 


Esseva tentate cancellationes del com- 
plexos QRS registrate ab nivellos electro- 
cardiographic infratransitional, transitional, e 
supratransitional del orificio esophagee in 27 
subjectos. Le cancellationes obtenite esseva 
excellente in 41,0 pro cento del essayos, bon in 
28,2 pro cento, e satis bon in 15,4 pro cento. 

A causa del extreme proximitate del orificio 
esophagee inferior al corde, le concepto del 
equivalente dipolo cardiac non es usabile in 
explicar le cancellabilitate de electrocardio- 
grammas registrate ab iste region. Es presentate 
un nove theoria de cancellation, dependente del 
analyse del campo de derivation associate con 
le connexion cancellational. 

Le cancellation de electrocardiogrammas ab 
esophago o superficie corporee non es un test 
critic del hypothese del equivalente dipolo 
cardiac, proque un connexion cancellational es 
un relativemente insensibile derivation electro- 
cardiographic e proque il ha a priori le certitude 
que cancellation pote esser obtenite a non 
importa qual 2 instantes del cyclo QRS. 

Le existentia del phenomeno de cancellation 
non exclude le possibilitate que derivationes de 
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proximitate es selectivemente afficite per c: - 
rrentes de action local. Al contrario, il «s 
theoricamente certe que 


derivationes ¢ 
proximitate es afficite fortissimemente pir 


currentes de action local, in despecto d | 
existentia de cancellation. 
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The profound changes of circulation following exposure to a strong shock wave were reviewed. 
Bradycardia was due essentially to vagal reflexes elicited partly in the damaged lungs, but the 
cause of lowered arterial pressure in the systemic circulation was not yet established. The available 
information suggested a number of mechanisms including: reflex hypotension from rupture of the 
pulmonary capillary bed and reduction in cardiac output brought about by the powerful brady- 
cardia and even by coronary air embolism. Until measurements of cardiac output, coronary blood 
flow, and pulmonary pressures become available, the definite cause will remain obscure. 
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Idiopathic Myocardial Failure in the Last Trimester 
Pregnancy and the Puerperium 


By W. R. Meavows, M.D. 


Instances of congestive heart failure due to unexplained myocardial disease are not infrequently dis- 
cussed in the literature. The present study, an extension of a similar study reported by Hull in 1937, 
relates this type of case to the terminal aspects of pregnancy and the puerperium with an incidence 
of 1 in 1300 deliveries. Four case reports with necropsy findings, together with the clinical obser- 
vations made on a total of 15 cases are presented. The frequency of recurrence of the syndrome 
with subsequent pregnancies and the predominance in the puerperium of this type of congestive 
failure over those of the usual etiologies suggests that the relationship to pregnancy is not fortuitous. 


= heart failure due to idio- 
pathic myocardial disease appearing for 
the first time during the terminal aspects of 
pregnancy or the puerperium apparently was 
known to earlier writers,'> but it was not until 
1937 that adequate clinical and pathologic de- 
scriptions appeared in the literature. In that 
year Hull® described the clinical findings in 27 
patients, and Gouley, McMillan, and Bellet? 
presented 4 cases with autopsy findings. Since 
then a number of case reports*-'* have appeared, 
and reference to “postpartum heart disease” 
has been made by others,'**! but as yet the 
syndrome is not generally recognized and is not 
described in most texts on cardiology. 

This communication consists of a report of 4 
cases with necropsy findings, the clinical obser- 
vations made on a total of 15 that, with 1 excep- 
tion, have been followed for a period of 5 to 9 
years since their original hospitalization at Cook 
County Hospital, Chicago, and a brief compar- 
ison with the observations of others. The pur- 
pose of this report is to confirm and extend 
previous observations made on this syndrome 
and to stress the absence of previous heart 
disease or hypertension in most of these cases. 
These instances also add further basis for the 
belief of previous observers that the coincidental 
pregnancy is in some way related to the myo- 
cardiopathy and suggest that many of these 
cases may be misdiagnosed as rheumatic or 
hypertensive heart disease due to the lack of 
general recognition of the syndrome. 


From the Department of Medicine, Cook County 
Hospital, Chicago, III. 
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Case REportTS 
Case 1 


G. J., a 30-year-old Negro with 10 previous 
births, entered the hospital on April 18, 1945. Three 
months after the birth of a female infant on De- 
cember 10, 1944, she developed paroxysmal noc- 
turnal dyspnea (initially in the absence of exertional 
dyspnea), occasional precordial pain, frequent 
emesis, and, later, upper abdominal pain. Physical 
examination revealed a blood pressure of 150/112, a 
heart rate of 108, a precordial systolic murmur, P2 
louder than A2, but no peripheral signs of congestive 
failure. The ocular fundi were normal. One week 
following admission the blood pressure dropped to 
116/80, and the heart rate to 88. After 9 days she 
was discharged much improved. 

Five pregnancy records from 1930 to her last in 
1949 revealed the finding of a precordial systolic 
murmur noted during 2 different pregnancies, 1 plus 
albuminuria in only 1 of 17 tests, and multiple blood 
pressure readings within normal limits except for 
occasional diastolic levels as high as 94 toward the 
end of the last 2 pregnancies. 

During the next 214 years her symptoms and 
signs persisted, and obvious signs of congestive 
failure appeared and became severe. Hemoptysis and 
right pleuritic chest pain were frequent. The 
diastolic blood pressure was frequently elevated on 
admission, but readings fell as low as 98/78 during 
her hospital stays. Gallop rhythm was noted on 
several admissions. In 1947 she was admitted with 
generalized anasarca, a pulsating liver, and mild 
icterus. Following paracentesis and 2 months of 
hospital bed rest she remained relatively asympto- 
matic for 2 years during which time the ascites 
gradually disappeared and pulsation of the liver was 
no longer detected. Blood pressures ranged between 
120/80 and 172/110 during this period, and the 
systolic murmur and cardiac enlargement persisted. 
Six weeks after stopping digitalis in June 1949 she 
began a slowly deteriorating course during which 
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generalized anasarea, tricuspid insufficiency, and 
icterus again appeared. Death occurred on June 15, 
1951. This patient’s hospital diagnoses usually were 
rheumatic heart disease, less often hypertensive 
heart disease. 

Post Mortem. The heart weighed 525 Gm. All 
chambers were dilated, especially those of the right 
side. The myocardium was flabby. The right 
ventricular wall measured 4 mm.; and the left, 1.3 
em. In the subendocardial layers of all chambers 
were many yellow or fibrotic areas. A mural throm- 
bus near the apex of the left ventricle overlay a 
larger area of subendocardial fibrosis. Valvular 
deformities were absent, and the coronary vessels 
were patent throughout. Microscopically, degenera- 
tion of muscle fibers was seen throughout the 
myocardium but particularly in the subendocardial 
and subepicardial zones. The fibers were swollen, 
pale staining, and vacuolated. Cross striations were 
indistinct or absent, and golden brown pigment was 
present at both poles of the nuclei. The interstitium 
was edematous but showed little cellular infiltration. 
Small focal areas of fibrosis were scattered through- 
out the myocardium. The endocardium was some- 
what thickened, and in the deeper portion loose 
cellular granulation tissue extended into the over- 
lying thrombus. 

Section of the liver revealed distortion of the 
lobular architecture, the enlarged central fields 
frequently being connected by bridges. There was 
extensive recent and old central necrosis with 
hemorrhage. Fibrous septa with proliferated duc- 
tules frequently replaced the necrotic central and 
intermediate zones and sometimes reached the 
portal areas. This process was, in a few places, 
associated with formation of regenerative nodules, 
whereas in others the picture of subacute congestion 
predominated. Other findings were those of a 
biliary nephrosis, chronic pyelonephritis, and passive 
congestion of all organs. 


Case 2 


J. M., a 22-year-old Negro with 3 previous 
births, entered the hospital on March 14, 1949, 
complaining of severe left upper quadrant pain 
radiating into the left flank, which had started 
suddenly 8 hours earlier. Physical examination 
revealed a blood pressure of 120/100, a heart rate of 
112, and a diffusely tender abdomen with rebound 
tenderness referred to the left flank. A tentative 
diagnosis of ruptured ectopic pregnancy was made, 
but 2 colpocenteses produced only straw-colored 
fluid. One specimen of urine obtained during the 
first 48 hours after admission was grossly bloody. 
On further inquiry a medical consultant found 
that 314 months after the birth of a female infant on 
November 14, 1948, the patient had begun to vomit 
and soon after had a sensation of substernal fullness, 
paroxysmal nocturnal dyspnea, exertional dyspnea, 
and nocturia. He further noted Cheyne-Stokes 


respirations, a protodiastolic gallop rhythm, an 
apical systolic murmur, P2 louder than A2, but no 
peripheral signs of congestive failure. 

The record of her last pregnancy revealed multiple 
blood pressure readings not exceeding 110/80, all 
urinalyses negative for albumin, and a negative 
cardiac examination. Delivery records for 1945 and 
1947 were similarly negative except for a vague 
history of treatment for syphilis. 

By the fifth hospital day abdominal symptoms 
had abated, blood pressure had fallen to 94/86, and 
scleral icterus was temporarily noted. Three blood 
transfusions had been given during the first 3 days 
in the hospital. The above symptoms continued to 
be troublesome, however, and signs and symptoms of 
advanced congestive failure appeared. Retrograde 
pyelography on March 24 was negative, and clear 
urine was seen coming from the left ureter, but she 
subsequently became febrile and developed pyuria. 
Several blood cultures were taken and subsequently 
reported negative. Fundoscopic examination on 
April 27 was negative. On June 9 the patient 
complained of tenderness of the left knee and calf 
muscles, and a positive Homans’ sign was elicited. 
One week later there was an episode of abdominal 
pain initially in the xiphoid area that later became 
diffuse. This incident was followed by substernal, 
left chest and left shoulder pain on June 20. She was 
discharged August 1. 

Six months later she was seen in a debilitated 
state with generalized anasarea, and she described a 
recent sudden loss of consciousness. Bleod pressure 
was 100/85 with alternans throughout the complete 
pulse range, and an electrocardiogram showed a 
2:1 atrial flutter that persisted until her death 
(fig. 1). She reentered the hospital June 1, 1950, and 
died a day later. A loud precordial systolic murmur 
heard before her death continued a long standing 
controversy concerning a diagnosis of rheumatic 
heart disease on this patient. 

Post Mortem. The heart weighed 350 Gm. All 
chambers were extremely dilated. The right atrium 
measured 114 mm. in thickness, the right ventricle 
4 mm., and the left ventricular wall from 6 mm. in 
the apical region to 14 mm. in the basal portion. 
Mural thrombi were found in the right atrial ap- 
pendage and in both ventricular chambers adherent 
to the septal and anterior walls near the apex. In a 
large area around these adherent thrombi in the left 
ventricle the endocardium was thickened, light 
gray, and blended with the underlying myocardial 
fibrosis to include the inner one fourth of the wall; 
this endocardial thickening measured 5 em. in 
diameter and extended to the lateral wall. There were 
no valvular deformities, and the coronary arteries 
were all patent and free of atherosclerosis. Micro- 
scopically, many of the muscle bundles were 
swollen, poorly staining, and contained in paraffin 
sections small empty vacuoles. Cross striations were 
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ften indistinct and at times could not be made out. 
The interstitial tissue was edematous. Under the 
ndocardium a few small fibrotic foci were seen, as 
well as several large foci of eosinophilic necrosis con- 
taining small round cells, histiocytes, and pigment- 
luden macrophages. In other areas the subendo- 
ardium was greatly thickened with granulation 
tissue (fig. 2). 

There were multiple hemorrhagic infarcts in the 
right lung, some dark red and others brown. A 
large thrombus was found in the right pulmonary 
artery. Both fibrosing and miliary pulmonary 
tuberculosis was present with caseous tuberculosis of 
the tracheobronchial lymph nodes. The kidneys and 
spleen were also sites of tuberculosis and healed 
infarcts. The left renal artery was reduced to 2 mm. 
in diameter, and the left kidney was shrunken as 
the result of old infarcts. Passive congestion of all 
organs was noted. 


Case 3 


D. W., a 29-year-old Negro with 2 previous births, 
entered the hospital on December 2, 1949. Three 
months following the delivery of a male infant on 


September 2, 1949, she experienced an attack of 
paroxysmal nocturnal dyspnea with hemoptysis, 
and the third such attack precipitated hospital 
admission. A cough had been present since the 
seventh postpartum week. Physical examination 
revealed a blood pressure of 160/86, a “triple 
rhythm” with a rate of 115, no murmurs, and A2 
equal to P2. Ocular fundi showed grade 1 generalized 
arteriolar spasm. As objective evidence of congestive 
failure was not noted, the patient was isolated 
temporarily because of a suspicion of pulmonary 
tuberculosis. She was kept at strict bed rest without 
iny specific cardiac medication for 2 months, and 
symptoms, “triple rhythm,” and tachycardia were 
1ever noted again. Blood pressure had fallen to 120/ 
30 when discharged. Electrocardiographiec abnor- 
nalities had disappeared by the time of discharge 
fig. 3). 

“ Her obstetrical record revealed blood pressures as 
‘igh as 190/110 for 3 days prior to her last delivery, 
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1. Electrocardiograms in case 2. 


with readings of 120/60 on the eighth prepartum 
day and 136/90 on the ninth postpartum day. 
Readings as high as 170/100 had been obtained dur- 
ing her first delivery a year previously. No albu- 
minuria or cardiac abnormalities were noted on 
either occasion. 

This patient’s blood pressure readings reached 
hypertensive levels again 1 year later but remained 
at normotensive levels following radical surgery for a 
pelvic malignancy in January 1953. She delivered a 
full-term infant on August 4, 1952, but never 
experienced further symptoms of cardiac disease. On 
April 30, 1956, she died from obstructive nephrop- 
athy with uremia due to metastatic carcinoma. 

A postmortem examination was performed by the 
coroner. The heart weighed 375 Gm. On section, the 
myocardium was red-brown in color. The epicardial 
and endocardial surfaces were not remarkable. 
diagnosis of eccentric hypertrophy of the myocar- 
dium was made. The remaining findings were those 
of her neoplastic disease. 


Case 4 


M. L., a 24-year-old Negro with 3 previous 
births, entered the hospital on July 28, 1950, with a 
history of sudden inability to lie flat that had begun 
about 7 weeks after the delivery of a female infant 
on April 8, 1950. It was difficult for the patient to 
describe the sensation that was relieved by sitting 
up, but at various times she mentioned restlessness, 
dyspnea, and a substernal oppression radiating 
through to the back also described as a ‘‘smothering 
pain.”’ Night cough, hemoptysis, exertional dyspnea, 
and vomiting with occasional hematemesis soon 
followed. Physical examination revealed a blood 
pressure of 128/104, a gallop rhythm with a heart 
rate of 104, and P2 markedly accentuated. No 
murmurs were noted, and there were no peripheral 
signs of congestive failure. Eleven days later the 
blood pressure had fallen to 95/70, and the gallop 
had disappeared, but she continued to have oc- 
casional episodes of vomiting and substernal oppres- 
sion during the remainder of her 2 months’ hos- 
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Fic. 2. Microscopic sections of the myocardium of case 2. A. Progressive subendocardial fibrosis 
and zone of vacuolization of subjacent myocardial fibers. B. Increase of interstitial fibrous stroma 
isolating small islands of muscle fibers. C. and D. Subendocardial thickening due to fibrosis. 


pitalization. Recurrent lower abdominal pain and 
tenderness, which had been noted in the hospital, 
continued after discharge, but cardiac symptoms 
disappeared. In the year that followed blood pres- 
sures did not exceed 120/80, but gallop rhythm was 
occasionally heard, cardiac enlargement. persisted, 
and electrocardiograms remained abnormal (fig. 4). 

Available records of her 3 pregnancies revealed 
multiple blood pressure readings not exceeding 
124/80, all urinalyses negative for albumin, and a 
negative cardiac examination on 4 different occa- 


sions. The last pregnancy had been eventful only for 
frequent headaches and abdominal pain. 

In the last trimester of this patient’s subsequent 
pregnancy terminating on September 19, 1951, she 
again developed symptoms and_ signs of heart 
failure, which became intractable and resulted in her 
death on September 8, 1955. During this time she 
remained for the most part normotensive. It is of 
interest that in October 1953 an intern in another 
hospital wrote in response to an inquiry about her: 
“On each admission there is no agreement as to 
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Fig. 4, Electrocardiograms in case 4. 


etiology—not even with regard to possible diastolic 
murmur.” 

Post Mortem (San Francisco Hospital). The 
heart weighed 650 Gm. The left ventricle averaged 9 
mm. in thickness; the right ventricle, 5 mm. The 
myocardium was soft, and there was dilatation of all 
chambers. The endocardium of both ventricles was 
diffusely thickened. On section of the left ventricular 
wall scattered areas of fibrosis, yellow-white in 
color, were found measuring up to 1 cm. in diameter. 
The endocardium in the left ventricle under the 
most involved area of myocardial scarring had a 
large mural thrombus attached that measured 3 by 
5 em. Organizing mural thrombi were also found in 
the right atrium. The chordae tendineae were slightly 
thickened, but valvular deformities were absent. The 
coronary arteries were thin, elastic, and patent 
throughout their lengths. Microscopically, the 
myocardial fibers appeared relatively healthy with 
‘ross striation visible in most places. A number of 
fibers were fractured with loose ends apparent and 
there were a few areas where myocardial fibers were 


degenerated and showed nuclear changes. The 
endocardium of both ventricles was markedly 
thickened with fibrosis and elastic tissue that showed 
a great infiltration of lymphocytes, plasma cells, 
macrophages, and a few eosinophils, which involved 
the superficial layers of the myocardium. A number 
of myocyte nests were found in the subendocardial 
region and scattered areas of fibrosis were also seen 
between the myocardial fibers. Perivascular inflam- 
matory-cell infiltration was noted around the smaller 
vessels. The epicardium was noted in a few places 
and was slightly thickened with an indefinite lining 
(fig. 5). 

There was passive congestion of the liver, kidneys, 
and lungs, and the last 2 organs were the sites of 
microscopic infarctions. Hydrothorax and abdominal 
ascites were noted. 


Clinical Observations of 15 Cases 


Some estimate of the incidence of this syndrome 
can be made by comparing the total of 6 cases, all of 
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Fic. 5. Microscopic sections of the myocardium of case 4. (A) and (B) progressive interstitial 
fibrosis accompanied by round-cell infiltration and loss of myocardial fibers. C. Increase of dense 
interstitial fibrous stroma isolating small islands of muscle fibers. D. Subendocardial fibrosis with 
moderate infiltration of chronic inflammatory-cell elements. 


which were Negroes, with the total of 7,519 deliveries 
that occurred at the Cook County Hospital in 1949. 
Thirteen of the 15 patients in this series were 
Negroes. This correlated closely with the proportion 
of Negro patients on the obstetrical wards but was 
greater than the 52 per cent given for the total 
patient population of the hospital. The ages of these 
patients ranged from 22 to 44 years, and the number 
of pregnancies from 1 to 10. In 2 instances the last 
pregnancy had resulted in twin births. 


A review of past pregnancy records revealed that 
a diagnosis of pre-eclamptic toxemia had been made 
during the terminal aspects of the last pregnancy in 
2 instances and that hypertension, i.e., readings 
exceeding 150 systolic or 90 diastolic, had been a 
feature of the labor period in 1 other. In no case was 
hypertension observed to be more than a transient 
phenomenon. An inconstant systolic murmur had 
been heard in 3 patients, one of whom eventually 
was proved to have no valvular lesion at necropsy, 
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bit in no instance was there definite evidence of 
p eexisting organic heart disease. 

The past history revealed syphilis in 6 cases and 
a1 episode of polyarthritis at age 17 in 1. 

Symptoms. The onset of the initial symptoms of 
c mgestive heart failure occurred within the first 314 
| ostpartum months in 11 patients but was as late as 
— months postpartum in 2 and as early as the last 
t'imester of pregnancy in 2. In the latter instances 
symptoms of congestive failure disappeared at the 
t me of delivery only to reappear again 4 to 8 weeks 
liter. The earliest and most consistent symptoms 
vere cough becoming worse at night and recurrent 
| outs of paroxysmal nocturnal dyspnea, each symp- 
tom being noted by 11 patients. These symptoms 
isually preceded the onset of exertional dyspnea, 
orthopnea, and hemoptysis, each of which was noted 
hy 7 patients. 

Chest pain noted by 8 patients consisted of re- 
current precordial distress in 3 and substernal oppres- 
sion in 5, 3 of whom had radiation of the pain 
through to the back. One patient described an 
associated sensation of numbness in both arms. 

Gastrointestinal complaints consisted of nausea 
and vomiting in 7 and hematemesis in 3. Abdominal 
pain was reported by 6, and in 1 patient there was 
postmortem evidence that this had been due to 
splenic and renal infarction. In 2 instances periumbil- 
ical pain had been present since delivery and had 
preceded the first symptom of postpartum conges- 
tive failure by 1 to 2 months. 

Cerebral embolism with hemiplegia occurred in 2 
patients, and pulmonary embolism occurred in 1 
other. These clinical embolic episodes occurred 
early in the course of the disease, the longest interval 
following the onset of symptoms being 314 months. 
In 2 instances symptoms resulting from systemic em- 
bolization were the presenting complaint, and it was 
only learned later that symptoms of congestive 
failure had been present for a period of 2 to 5 weeks. 
Profuse sweating was noted in 2 instances. 

In every instance except 1, patients sought 
hospital admission within 6 weeks of the onset of 
symptoms. 

Physical Findings. At the time of admission to the 
hospital a labile and predominantly diastolic hyper- 
tension was present in every patient except 1. Nine 
of the 13 patients with diastolic readings between 
100 and 116 had systolic readings that did not exceed 
150. The remaining 4 had systolic readings between 
170 and 190. When this hypertension had appeared 
in the puerperium was not determined by this study, 
but in 1 instance it was known to have been present 
for at least 8 days before the first sign or symptom 
of the exacervation of congestive failure that 
followed a subsequent pregnancy. Pulsus alternans 
was noted in 3 and later in a total of 6. In 2 instances 
this sign extended throughout the entire pulse 
range. 

Auscultation of the heart revealed a gallop or 


” 


“triple” rhythm and a sinus tachycardia in all 15 
patients, a precordial systolic murmur of grade I 
to III intensity in 9, and an accentuated P2 in 12. 
Cyanosis was prominent in the 2 white patients, and 
peripheral findings of congestive failure were 
present in 8. 

The ocular fundi were examined in 13 patients 
and found to be abnormal in 4. This abnormality 
consisted of narrowing or spasm of the arterioles, 
with faint cotton-wool-like patches in one and a 
transient hemorrhage in another. 

Laboratory Findings. Albuminuria, present in the 
2 patients with a diagnosis of pre-eclamptic toxemia 
during the last trimester of pregnancy, was found 
in 11 during the period of their congestive failure 
postpartum. In only 1 did it fail to clear following 
cardiac compensation. Hemoglobin values were 
below 10 Gm. per 100 ml. in 1 case with a hypo- 
chromic anemia and a level of 6 Gm. per 100 ml., 
which was promptly corrected with ferrous sulfate. 
Persistent neutrophilic leukopenia was noted in 2, 
but was never explained. Significant eosinophilia was 
never found. Sedimentation rates were, for the most 
part, within normal limits. Kahn tests were negative 
in all cases. 

Basal metabolism rates, urea clearance tests, 
various tests of liver function, total serum protein, 
serum uric acid, sodium, chloride, phosphorus, 
cholesterol, and glucose tolerance tests done on a 
number of patients were within normal limits. Serum 
potassium determined on 3 patients was initially low 
in case 4, ranging from 14 to 16.7 mg. per 100 ml. 
Attempts to demonstrate a virus in the serum of 
case 3 by animal inoculation proved unsuccessful. 

Electrocardiography. Serial  electrocardiograms 
were obtained in 10 patients. The admission electro- 
cardiogram in each instance showed T-wave inver- 
sion in multiple limb and precordial leads. In one 
half the patients this inversion was asymmetric, as is 
seen in heart strain or digitalis effect, and in the 
other half the symmetry and depth of the inversion 
resembled that seen with myocardial infarction. 
Significant Q waves or conduction defects were not 
observed at any time, and the only arrhythmia oc- 
curred in case 2 many months after onset of the 
disease. 

Tracings were interpreted as being within normal 
limits from 1 to 744 months later in 5 patients; al- 
though improvement was noted in the graphs of 
another 4, some degree of abnormality persisted at 
the time of the last tracing 9 to 19 months later. One 
was not followed closely, but a normal tracing was 
obtained 21% years later. 

Roentgenology. Teleroentgenograms of the chest 
taken upon admission revealed generalized enlarge- 
ment of the cardiac shadow in all patients. This 
enlargement was persistent in the 5 who eventually 
died in congestive failure. In 7 patients the trans- 
verse diameter of the heart returned to within normal 
limits in 3 to 16 weeks, while in another it did not 
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return to normal until 15 months later. Two pa- 
tients were not followed closely, but 214 years later 
their hearts were found to be within normal limits. 

Differential Diagnosis. Three patients who did 
not have peripheral evidence of congestive failure 
and in whom the significance of the gallop rhythm 
was not recognized were given a diagnosis suggested 
by the most prominent symptom. One admitted 
with sudden, severe abdominal pain (renal embolus?) 
was initially considered to have a ruptured ectopic 
pregnancy; another who had a cerebral embolism 
subsequently underwent a craniotomy because of 
the suspicion of a brain tumor; and a third was 
initially isolated as a case of pulmonary tuberculosis 
because of the presenting symptom of hemoptysis. 

When the congestive failure was recognized, the 
most frequent etiologic considerations by the staff 
were rheumatic or hypertensive heart disease. These 
diagnoses were ruled out on lack of confirmatory 
evidence in the past hospital records and the 
evolution of the T-wave changes in the electro- 
cardiogram. One patient with a faint early diastolic 
murmur at the base and a history of polyarthritis 
16 years previously probably had rheumatic heart 
disease in addition, but the changes in the electro- 
cardiogram were considered to support acute 
myocardial damage as the cause of the congestive 
failure. Anemia was an additional etiologic considera- 
tion in another, but the cerebral embolism, the 
absence of murmurs, and the vasoconstriction as 
reflected by the hypertension were not considered 
compatible with this sole etiologic diagnosis. 

It is apparent from the literature®®. 2° and the ex- 
perience with these cases that considerable division 
of opinion as to the nature of the cardiac lesion 
frequently occurs when this type of case is presented 
clinically. Not only pericarditis with effusion, but 
most of the rare causes of heart failure were consid- 
ered at one time or another in these patients. 

Clinical Course. With the exception of case 2, the 
symptoms of congestive heart failure of all patients 
were much improved following a period of hospitali- 
zation varying from 8 to 60 days. This improvement 
occurred only in response to digitalization in 1 pa- 
tient whose severe failure persisted after 26 days of 
bed rest and treatment with mercurial diuretics and 
was temporarily interrupted by embolic episodes in 2 
others. 

Blood pressure readings were repeated on 12 
patients before hospital discharge and were found to 
have fallen markedly in each instance. This fall to 
normotensive levels occurred within a few days to 3 
weeks in 10 patients, but was delayed from 1 to 2 
months in the remaining 2, 1 of whom had been 
toxemic at term. This observation was independent 
of the status of the congestive failure, the heart 
size, or the electrocardiogram and could only be 
correlated with the bed rest the patient was re- 
ceiving. During the first year following the initial 
cardiac episode the blood pressures of 5 patients 
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were found to be once again at hypertensive levels. 
In 3 of the 5 elevated blood pressures were as 
sociated with continuing congestive failure and wer 
observed to fall markedly again during periods o 
bed rest in the hospital. By the end of the fourth yea 
an additional 3 patients were noted to be hyper 
tensive. 

The systolic murmur noted in 9 patients o1 
admission diminished in intensity in 2 and totally 
disappeared in another 2 as compensation was 
restored and cardiac enlargement decreased. In thi 
other 5, 2 of whom were proved to have no valvula 
lesion on necropsy, the murmur persisted; and in 2 
patients it was not heard until after discharge fron 
the hospital. 

A remission of signs and symptoms of heart 
disease occurred in the 10. patients whose cardiac 
transverse diameter returned to within normal 
limits. In 4 this was without any other therapy than 
2 to 8 weeks of bed rest, whereas in 1 it occurred 
many months later without relation to therapy. 
Except for the exacerbations associated with the 
subsequent pregnancies of 4 of these 10 patients, 1 
of whom has failed to make a complete recovery 5 
vears later, a complete remission has continued in 
the 3- to 9-year period that has followed. Four of the 
5 patients with persistent cardiomegaly had sympto- 
matic remissions lasting from 9 to 28 months, but all 
5 eventually became chronic cardiac invalids and 
died 1 to 8 years after the onset of symptoms. 

Ten patients have had 1 or more subsequent full- 
term pregnancies, and in 6, 1 of these pregnancies 
has been associated with an exacerbation resembling 
the original episode. In 2 instances 2 pregnancies 
with cardiac involvement either alternated with or 
were followed by another free of such complication. 
A further remission has occurred in 3 of the 6, but 
the 2 patients whose heart size had never returned to 
normal following the initial episode eventually died 
in congestive failure. 


COMPARISONS WITH PREVIOUSLY 
REPORTED CASES 


With certain exceptions this description is in 
general agreement with the original given by 
Hull. He observed the syndrome most frequently 
in primiparae while in the present series it 
occurred most frequently in association with 
the third pregnancy. Seventy-four per cent of 
his cases as compared with 40 per cent of the 
present series were symptomatic by the end of 
the first postpartum month; however, 73 per 
cent of the present series had become sympto- 
matic by the end of the seventh postpartum 
week. Generalized anasarca and a small pulse, 
prominent features of his cases, were usually 
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ate findings when they occurred in the present 
series. Hematemesis occurred in 1 of his patients 
ind in 3 of the present series, but has not been 
‘eported by other observers. Eventual mortality 
appeared to be similar in both series.® 

Chest and abdominal pain were not mentioned 
in Hull’s description but have been reported by 
a number of subsequent observers.7: 9)» 4) 18.17 
In many instances chest pain has resembled 
that produced by coronary insufficiency, but it 
has not always been possible definitely to dif- 
ferentiate it from that due to pulmonary em- 
bolism. Sudden severe attacks of abdominal pain 
have been explained by the necropsy findings 
of mesenteric thrombosis and splenic and renal 
infaretions;? but chronic, less severe abdominal 
pain associated with other gastrointestinal 
symptoms have not received adequate explana- 
tion except for the finding of pancreatitis in 1 
patient at necropsy.'! In 1 instance’ sudden, 
but transient, excruciating periumbilical pain 
was the first symptom and preceded the onset 
of paroxysmal dyspnea by several hours. Chest 
and abdominal pain have been noted in cases 
of endocardial fibrosis and idiopathic myocardi- 
opathy unrelated to pregnancy 7° and thus are 
not unique for the type of case under discussion. 

Abnormal electrocardiograms, especially shal- 
low T-wave inversion, have been noted by all 
observers, but the magnitude and evolution of 
the changes described here are reported for the 
first time. It seems probable that this discrep- 
ancy is a result of the greater number of chest 
leads taken in recent years. 

Hull’s series of 27 cases included 2 patients 
who had had a similar episode following a pre- 
vious pregnancy and another 2 who had subse- 
quent full-term pregnancies, with 1 again de- 
veloping congestive failure in the postpartum 
period. Two of Woolford’s' 5 cases had subse- 
quent pregnancies, and both again developed 
congestive failure in the postpartum period. In 
1, cardiac involvement followed 3 nonconsecu- 
tive pregnancies, the first, third, and fifth. 

The only previous observer to report on the 
frequency of this syndrome was Woolford, who 
found an incidence of 1 out of every 4,000 
obstetrical admissions to the Cincinnati General 
Hospital. 


PATHOLOGY 


Fifteen necropsies have been reported since 
1937.%8 1. 13, 16 With the exception of case 3 
these have shown a soft, flabby, and dilated 
myocardium with ventricular mural thrombi 
found especially near the apex. Weights have 
varied from 260 to 650 Gm. with 6 of the 10 re- 
ported weights being between 470 and 525 Gm. 
No significant disease of the coronary arteries 
has been described, and in only 1 case’ has a 
valvular deformity been found. Microscopic 
features reported include focal and diffuse areas 
of disintegration of the muscle fibers with occa- 
sional hemorrhages, a minimal to moderate 
cellular response of lymphocytes and macro- 
phages, and myocardial fibrosis; fat droplets in 
the muscle fibers were an additional finding in 
1.1! These changes have been most intense and 
diffuse in the subendocardial portion of the 
myocardium, especially in that portion of the 
myocardium underlying thrombus formation. 
Focal endocardial swelling with disruption of 
the overlying endothelial layer and fibrin dep- 
osition as found in 1 early case? may be the 
basis of subsequent thrombus formation as well 
as the diffuse endocardial thickening found in 
long-standing cases.**: *! Tt does not appear 
that these observations differ in any important 
respect from those found in similar cases un- 
related to pregnancy.’ * 


ETIOLOGY 


The cause of the endomyocardial lesions is 
unknown. Theories as to etiology and patho- 
genesis of similar lesions unrelated to pregnancy 
have received consideration elsewhere.* In cases 
associated with pregnancy 2 lines of evidence 
suggest that the activation of the lesion at that 
particular time was not fortuitous but occurred 
as the result of unknown factors operating 
during and shortly after the preceding preg- 
nancy. These were the frequency of recurrence 
of the syndrome in relation to a subsequent 
pregnancy, especially where these pregnancies 
were not consecutive, and Hull’s observation 
that two thirds of cases of heart failure occurring 
in the postpartum period were due to heart 
disease of other than the usual etiologic types. 

Two further remarkable features were the 
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significant increase in the incidence of twin 
births at the time of the last parturition noted 
here and by others®: *» ” and the initial acute 
hypertension associated with the congestive 
failure. Although the latter has not been an 
invariable finding, it appears that anything 
approaching a comparable frequency in similar 
cases unrelated to pregnancy is to be found only 
infrequently.” ** The phenomenon of an ini- 
tially high blood pressure that returns to normal 
when the congestive failure accompaning hyper- 
tension is improved with treatment is not a 
new observation.**** Unexplained, however, is 
the constancy of the blood pressure phenomena 
observed in this series. 

While neither the clinical nor the pathologic 
findings of these cases were those of hyper- 
tensive heart disease in the usual sense, several 
features were suggestive of effects usually at- 
tributed to coronary insufficiency. These in- 
cluded the previously described pathologic 
findings that are compatible with anoxia,”*’: *° 
the character and radiation of the substernal 
pain that occurred in at least 5 patients, the 
configuration and evolution of the T wavesin the 


electrocardiograms, and the results of an oxygen 
deprivation test in 1 patient. The mechanism 
of production of such a postulated anoxia is 


speculative, since minimal vascular changes in 
cases associated with pregnancy, when de- 
scribed, have been entirely out of relationship 
to the vast amount of destruction present.” 

In any consideration of the etiology of cases 
of this type the question of beriberi or malnu- 
trition almost invariably arises.*': ® The lack 
of definite evidence of dietary deficiency in the 
history, the absence of any physical stigmata, 
and the favorable course without vitamin ther- 
apy leave little basis for consideration of this 
etiology in the cases described here. Hull con- 
curred in this opinion and stated that early 
suspicions that it might represent a nutritional 
deficiency disease have long since been dis- 
proven.* 

Upper respiratory infections, influenza, and 
grippe are occasional etiologic considerations 
when cases of idiopathic myocardial failure 
occurring in young individuals are reported in 
the literature, and 3 of these patients did inter- 
pret their initial respiratory symptoms as due 


to “a cold.” In the present series of cases it 
appears that the symptoms of night cough, 
hemoptysis, and paroxysmal nocturnal dyspnez 
were the earliest clinical manifestations of myo- 
cardial failure rather than its cause. 

Marked similarities between this syndrome 
and the congestive failure produced by desoxy- 
corticosterone suggest that endocrine investiga- 
tions might be fruitful. Virologic studies are 
also needed for the further advancement of 
knowledge concerning these idiopathic disorders 
of the myocardium. 

TREATMENT 

Any consideration of treatment should em- 
phasize that these patients have degenerative 
heart disease of unknown etiology but that 
arly it is potentially reversible. Thus thera- 
peutic efforts should not rest with the control of 
the symptoms of congestive failure but should 
include prolongation of bed rest until after the 
heart size has returned to within normal limits, 
when this objective is attainable. While bed 
rest alone is sufficient treatment in many cases, 
in others the need for digitalization becomes 
apparent early. Anticoagulants have not been 
used in this series. Since embolization, when it 
occurs, is frequently a very early event in the 
course of this condition, effective use of these 
agents would depend on their institution at the 
sarliest possible moment. 


SUMMARY 


The syndrome of idiopathic myocardial failure 
occurring in the last trimester of pregnancy or 
the puerperium is characterized by symptoms of 
congestive failure, which, early, is predomi- 
nantly left sided, chest and abdominal pain, 
embolic phenomenon in 25 to 40 per cent, acute 
hypertension, gallop rhythm, generalized dilata- 
tion of the heart, and T-wave inversion. Path- 
ologic findings, which resemble similar cases 
unrelated to pregnancy, consist of a soft, flabby, 
dilated myocardium, ventricular mural thrombi, 
endocardial thickening of variable extent, and 
focal and diffuse areas of myocardial necrosis 
especially in the subendocardial portion of the 
ventricular wall. Approximately two thirds of 
the cases make complete clinical recoveries, but 
the syndrome tends to recur with subsequent 
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wegnancies. Experience with the present series 
ndicates that these cases are usually considered 
‘linically to have either rheumatic or hyper- 
ensive heart disease, one of the rarer recognized 
orms of myocardial disease, or a disease sug- 
zested by symptoms coming from organ emboli- 
cation. 
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SUMMARIO IN INTERLINGUA 


Le syndrome de idiopathic disfallimento 
myocardial occurrente durante le trimestre 
final del pregnantia o durante le puerperio es 
characterisate per symptomas de disfallimento 
congestive (que in le phases initial occurre pre- 
dominantemente al latere sinistre), dolores 


thoracic e abdominal, phenomenos embolic (oc- 
currente in inter 25 e 40 pro cento del casos), 
hypertension acute, rhythmo de galopo, dila- 
tation generalisate del corde, e inversion del 


unda T. Le constatationes pathologic, que 
resimila casos comparabile sed non connectite 
con pregnantias, include un molle e flaccide 
myocardio dilatate, thrombos de _ pariete 
ventricular, spissification del endocardio de 
varie grados, e areas focal e diffuse de necrose 
myocardial, specialmente in le portion sub- 
endocardial del pariete ventricular. Cirea duo 
tertios del patientes effectua un restablimento 
complete ab le puncto de vista clinic, sed le 
syndrome tende a recurrer con pregnantias 
subsequente. Observationes colligite in le pre- 
sente serie indica que iste casos es generalmente 
considerate per le clinicos como casos de morbo 
cardiac rheumatic o hypertensive, de un del 
formas minus frequente de morbo myocardial, 
o de un morbo suggerite per symptomas 
causate per embolisation de organos. 
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These experiments were initiated in response to recent reports by others that baroreceptors 
are incapable of limiting the blood pressure rise of epinephrine and norepinephrine. The present 
experiments have shown that the pressor response to a given dose of epinephrine was enhanced 
after elimination of the buffering activity of the carotid sinus baroreceptors, provided the systemic 
blood pressure level before and after denervation was kept constant. The well-known function of 


the carotid sinuses was reemphasized. 
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The Evolution of Our Knowledge about the Heart 
and Its Diseases since 1628 


By Paut D. Wuirr, M.D. 


T HAS been a pleasant task to prepare this 

survey of cardiovascular medical literature 
since the days of William Harvey, and I am 
grateful for the opportunity. It seems best to 
present the review by centuries although there 
will be, perforce for the sake of continuity, 
some overlapping. Scattered through the 
chronologic account there will be included 
certain general observations about the history 
of medicine that have been of interest to me 
during the past 30 years since I first began to 
pay particular attention to this historical field 
and since I began to collect many of the noted 
works about which this article deals. 


1600-1700 


Italian medicine was at the height of its long 
reign when William Harvey studied the circu- 
lation under the masters of the Padua School 
in the early years of the seventeenth century. 
During the next century and a half, and right 
through the leadership of Morgagni, students 
and young physicians flocked to that part of 
the world to begin and to complete their medi- 
cal studies, particularly in the field of the cir- 
culation and its diseases. It is a pleasure to 
record a pilgrimage that I myself made in 1954 
to the ancient medical school in Bologna where 
an active and stimulating program in teaching 
and research still continues. This school will be 
800 years old in 1958. 

The influence and the inspiration of the 
Italian schools during the middle and later 
years of the seventeenth century spread widely 
abroad through students like Harvey in Eng- 
land and his contemporaries in France, in 
Switzerland, and in the low countries. Oxford, 
Cambridge, London, Geneva, Basel, Paris, 
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Montpellier, Toulouse, Brussels, Antwerp, 
Leiden, and Amsterdam all played their roles 
in the evolution of our knowledge of the heart 
and its diseases. Through that century and 
those that have followed it has been evident 
that no country or race has had a monopoly 
on science or its practical applications. This 
seems to be especially true in medicine, where 
discoveries have been made by the citizens of 
many nationalities in both the old and the new 
worlds. Happily no secrets were kept about 
medical advances which in those earlier cen- 
turies were slow for other reasons, namely, the 
paucity and expense of publication, the lack of 
adequate transportation, the inhibitive effect 
of the Inquisition and other tyrannies of the 
day, and the short lives of the investigators 
themselves who, like the rest of the popula- 
tion, were exposed to epidemics of plague and 
other such scourges and to.early deaths in 
battle or at the hands of brigands. 

For a century after Harvey it was customary 
for those writing treatises on the circulation or 
even chapters in books on medicine to begin 
the title with the same words that Harvey 
used, De Motu Cordis, no matter what fol- 
lowed. Many of these writings added new ob- 
servations about the circulation in health and 
about diseased conditions found at autopsy 
although in that century there was very little 
correlation of lesions themselves with symp- 
toms or clinical findings. Cardiology as a spe- 
cial field of practice or teaching had not yet 
begun. To be sure there were compilations of 
case records, like that in particular of Theo- 
phile Bonet of Geneva, namely the Sepulchre- 
tum (1679) with its two or three lines of 
symptomatology and four or five lines of gross 
autopsy findings, but these were all appar- 
ently composed in retrospect by the patholo- 
gists who secured the information post mortem 
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from the family of the victim or from a doctor 
who had seen him. Despite this fact there are 
to be found in this remarkable collection of 
autopsies many “‘firsts,’’ such as the first re- 
corded sudden death in a middle-aged man 
with calcareous aortic stenosis, the first case 
of heart disease interpreted as a cause of severe 
dyspnea which hitherto had been ascribed to 
pulmonary disease (but here the lungs were 
normal), and, in the second edition of the 
Sepulchretum published in 1700, the first rapid 
death in the case of a man with coronary artery 
occlusion. 

1 would hasten to add that even Bonetus, a 
century before Morgagni, but followed the lead 
of his predecessors, in particular of the pioneer 
of case history books Benivieni of Florence 
who in the year 1507, over 170 years earlier, 
had published a classic report of 111 cases in- 
cluding several with autopsies. And yet in my 
own time some writers of medical case histories 
had thought that they themselves were the 
pioneers. 

It was back in Italy that the final link in 
the circulation of the blood was discovered. 
Harvey had assumed that there must be mi- 
nute connections between the arteries and the 
veins that are, however, invisible to the naked 
eye. This assumption was proved to be correct 
when, in a letter to Borellio, Malpighi in 1661 
described the capillaries that he found in the 
lung of a frog with a magnifying lens. It was 
van Leeuwenhoek who later in 1688 perfected 
the microscope itself, a few years before Floyer 
introduced the pulse watch in 1707. And it was 
Sir John Floyer who enunciated one of the most 
important principles of medical practice which 
should still be applied to all physiologic tests 
and technics in man (pulse rate, blood pressure 
level, electrocardiogram, and heart size and 
shape by x-rays) in the absence of any ade- 
quate tables of standards. He wrote: 

It is requisite that every intelligent Patient 
should thus try his Pulse in a Morning in his Health, 
that he may inform his Physician what number of 
Pulses he has in a perfect Health, by which a 
Physician may judge of his natural Constitution; 
and the Physician may know how far the diseas’d 
Pulse receeds from the Natural Numbers; and 
whether the Numbers of the Pulse are increased or 
be deficient. 


In England after Harvey the names of tw 
leaders in cardiovascular anatomy and physi 
ology stand out. Richard Lower of Londo 
published in 1669 his Tractatus De Corde, whic} 
in clear concise language described in detai 
the anatomic structure of the heart, showin: 
the heart muscle bands and the coronary cir 
culation. It was he who first described thx 
constricting effect of pericardial disease nearly 
two centuries before its fuller discussion by 
Chevers in 1842, and it was he who carrie 
out transfusion in one of the earliest cases, a 
clergyman with a disturbed mentality, de 
scribed also by Mr. Pepys at about the time 
of the plague and great fire in London in 1666. 
A contemporary case was done in Paris but 
trouble must have followed in other instances 
since nothing more was heard about transfu- 
sions for over 200 years. Lower added an 
illustration of his transfusion tubes in his 
Tractatus de Corde. 

Another English contributor of note who 
pioneered in the understanding of the oxy- 
genation of the blood was John Mayow of 
Oxford, who published his Tractatus Duo in 
1671 and his Tractatus Quinque a few years 
later (1674). Among the treatises, in addition 
to that on oxygen (then called nitro-aerious 
spirit), there was one on the fetal circulation 
and another on rickets. 

Let us go across the channel now to the 
Netherlands where there lived and worked in 
Amsterdam a man little known in medical 
history but, nevertheless, a keen observer. He 
deserves a prominent place in the Hall of Fame 
because with one bold stroke of his pen he 
wiped out about half of all the heart disease of 
his day. This man was Kerckring who in his 
Spicilegium Anatomicum in 1670 presented his 


discovery that the so-called polypous disease 
of the heart was not a disease at all but con- 
sisted simply of postmortem clots. In declaring 
this he apologized to his professors and col- 
leagues for having made this discovery which 
exposed their universal error.* 


*There remains, however, in rare cases an 
exception “that proves Kerckring’s rule,” namely, a 
myxoma in the left atrium that can simulate mitral 
stenosis. 





EVOLUTION OF KNOWLEDGE ABOUT THE HEART AND ITS DISEASES SINCE 1628 917 


It is fitting, at this time, in closing this brief 
eview of the more important contributions in 
he cardiovascular field in the seventeenth 
entury, to say a word about priority of medi- 
‘al discoveries and of their publication. Dis- 
overies are, in fact, usually slow processes, 
‘redit for them going, as a rule, to the final 
vorker or thinker in the chain of events who 
idds the finishing touch as Harvey did in 
i628. Also many discoveries are rediscovered 
is in the case of the pulmonary circulation 
Ibn Nafis, about 1290, and Servetus, 1553), 
he explanation of the dyspnea and asthma in 
nitral stenosis (Vieussens, 1715, and Hope, 
1832) the jugular vein engorgement in right 
heart failure (Lancisi, 1728, and Mackenzie, 
1902) cinchona for “obstinate arrhythmia” 
(Senac, 1749, and Wenckebach, 1914) the de- 
scription of the tetralogy of Fallot (Sandifort, 
1777, and Fallot, 1888), and chronic constric- 
tive pericarditis (Chevers, 1842, and Pick, 
1896). As Sir Michael Foster said ““To Whom 
shall be given the honor of a discovery? This 
question can never be answered fully. Science 
is a continuous process, each investigator must 
of necessity build on the work of those who 
came before him. What we know and what we 
think is a stream which flows by us and through 
us, fed by the far-off rivulets of long ago.” 


1700 to 1800 


The eighteenth century saw the beginning 
of clinical cardiology. The three most impor- 
tant contributors to this new development all 
published their books in the first half of that 
century. These volumes are milestones in the 
development of that high-road and each au- 
thor deserves special comment. 

Raymond Vieussens of Montpellier had al- 
ready made a notable contribution in the 
seventeenth century with his Neurographia in 
1685. Thirty years later in 1715 his more fa- 
mous treatise on the heart appeared in the 
vernacular and may justly be considered from 
the clinical standpoint to be the pioneer work 
on the subject. Notable was his description of 
mitral stenosis with the clear recognition of 
the cause of the dyspnea, which he ascribed 
correctly to pulmonary congestion secondary 
to the mechanical effect of the tight mitral 


stenosis (of which he gives an excellent de- 
scription) and not to failure of the heart muscle 
as is even now sometimes wrongly thought, or 
to disease of the lungs; this concept of Vieus- 
sens has been rediscovered in our own day. 

A contemporary of Vieussens was Joannis 
Maria Lancisi of Rome, physician to Pope 
Clement XI, and a brilliant leader in the medi- 
cine of his day. He wrote extensively not only 
about the heart and its diseases but about 
other things, medical and non-medical. He was 
an expert on gardens and on fungi, and he dis- 
cussed rheumatism and sudden death. In fact 
his most important contribution was probably 
the volume De Subitaneis Mortibus (On Sudden 
Death) published in 1707 and dedicated to the 
Pope. In his book he demonstrated a natural 
cause for death in every one of a series of in- 
dividuals who died suddenly in Rome in the 
winter of 1705 to 1706, proving unfounded the 
fears of the populace that God in his anger was 
supernaturally striking down prominent Ro- 
mans of the day. One of the chief values of 
the volume is that it demonstrates the scien- 
tific interest of the Pope himself in requesting 
postmortem study, the Church thus urging 
autopsies for the benefit of our health and 
understanding. A translation of this book is 
underway and should help- in the struggle 
against disease. Eight years after Lancisi’s 
death his brother arranged the publication of 
another important treatise of his concerning 
the causes and signs of enlargement of the 
heart and great vessels, De Aneurysmatibus. 
In this book engorgement and pulsation of the 
jugular veins (Lancisi’s sign) were described 
as evidence of enlargement and failure of the 
right ventricle almost 200 years before Sir 
James Mackenzie rediscovered the importance 
of this phenomenon. 

In 1749 the first textbook on heart disease, 
containing much therapeutic advice, appeared 
from the hand of Senac, noted Parisian physi- 
cian of his day and evidently an able cardiolo- 
gist. He advised opiate and venesection for 
acute pulmonary edema, rest for heart failure, 
and quinine for disorders of rhythm. Senac 
represented the beginning of the revival of the 
prominence of the French school, especially in 
cardiology, which reached its height in the 
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arly part of the next century in the persons 
of Corvisart, Laennec, and Louis. 

Also in the first half of the eighteenth cen- 
tury (1733) a classic contribution was made in 
the field of cardiovascular investigation by 
Stephen Hales when he published his volume 
on Haemastaticks which contained not only 
the first direct measurement of blood pressure 
in a mare but also much detailed analysis of 
the work of the heart and of the volume of 
blood. Nearly two centuries passed before 
sphygmomanometry became a routine clinical 
procedure and a new generation of physiologic 
and clinical investigators went further into the 
field of hemodynamics. Hales was a brilliant 
star too early for the times. 

In the latter half of the eighteenth century 
there were several very important, though spe- 
cial and almost isolated, cardiological mile- 
stones. The first of these came in 1761 when 
Auenbrugger of Vienna introduced the technic 
of percussion of the chest to determine in a 
rough way the heart size and the presence of 
hydrothorax. This, however, attracted little or 
no attention, despite a contemporary French 
translation, until 1808, 47 years later, when 
Corvisart, Napoleon Buonaparte’s physician, 
called attention to it in a new French trans- 
lation; Auenbrugger was still alive to receive 
belatedly due credit for his discovery. Percus- 
sion was the first new method of examination 
to be added in centuries to the brief personal 
history, palpation of the pulse, and urinoscopy 
which had been routine through the dark and 
middle ages ever since the time of Galen. 

Also in 1761 appeared the monumental work 
in gross pathology by Morgagni of Bologna 
who was 79 years old at the time of its publi- 
cation. De Sedibus et Causis Morborum con- 
tained many good descriptions of disease, in 
particular of heart disease, including the first 
clear account of the Adams-Stokes syndrome 
discussed later by Adams in 1827 and by 
Stokes in 1854. 

Then the limelight swung back again to Eng- 
land where a group of able clinicians, some of 
them close friends, made important discoveries. 
William Heberden of London in 1768 gave a 
lecture on angina pectoris, the cause of which 
he did not know although he recognized it as a 
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serious and dangerous symptom. This lecture 
was published in 1772, 4 years later. He coined 
the words describing this symptom in differen- 
tiating it from other pain in the chest (dolor 
pectoris). His friend, Edward Jenner of Berke- 
ley was the one who, in the 1870’s, discovered 
the cause to be obstruction of blood flow due 
to disease of the coronary arteries which he 
finally announced in a letter which was pub- 
lished by another associate, Caleb Hillier Parry 
of Bath in 1799, over 20 years later. Jenner 
had kept silent all those years because his 
friend Jonn Hunter had developed angina pec- 
toris and he did not wish to alarm him. Heber- 
den’s description of the symptoms was so 
perfect that it cannot be improved upon today, 
nearly 200 years later. 

Another Englishman, William Withering of 
Birmingham, an able botanist as well as a good 
doctor, took advantage in 1775 of the success- 
ful use by an old woman of Shropshire of a 
family recipe for the dropsy and, during the 
next 10 years, tested the powdered leaves of 
the purple digitalis in a variety of diseases. In 
1785 there was published his Account of the 
Foxglove which, like Heberden’s lecture, is one 
of the great classics in medical literature. He 
gave exact directions for its use but over 100 
years passed before the medical profession ap- 
preciated his contribution and followed his ad- 
vice. 

Thus ended a very fruitful century of prog- 
ress in the evolution of our knowledge about 
the heart and its diseases. 


1800 to 1900 


Although there were many more physicians 
and other scientists interested and working in 
the field of heart disease during the nineteenth 
century, their contributions stood out as mile- 
stones in a less dramatic way than did those 
of the eighteenth century, even though, when 
added together, they were considerable in total 
volume. There was a steady increase in the 
clinical recognition of heart disease and in 
physiologic studies of the circulation, but diag- 
nosis, prognosis, and treatment were still primi- 
tive. Certain technics were helpfully introduced 
for the study of the heart, particularly mediate 
auscultation with the invention of the mon- 
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aural stethoscope by Laennec in 1819, the new 
field of bacteriology that began with Pasteur 
in the 1860’s, and the Roentgen rays in the 
1890's. 

At first auscultation of the heart was ap- 
parently as misleading as it was helpful (witness 
Oliver Wendell Holmes’ Ballad of the Stetho- 
scope of the 1840’s) but slowly, with the help of 
Stokes, 1825; C. J. B. Williams, 1828; Austin 
Flint, 1862; Roger, 1879; and Graham Steell, 
1881; the stethoscope became more useful. It 
was only in the second quarter of the twentieth 
century that auscultation came into its own 
through the work of a host of investigators and 
the introduction of scientific phonocardiog- 
raphy. One especially important auscultatory 
finding, often of grave significance, gallop 
rhythm, was first recognized in the nineteenth 
century (Potain, 1875), but several decades 
passed before it was rightfully appraised. 

Bacteriology came to the fore at the turn of 
the century and during the first years of the 
twentieth with the final proof of the syphilitic 
origin of aortitis and of the majority of thoracic 
aneurysms (Reuter, 1906), and of the bacterial 
nature of “malignant endocarditis” (acute and 
subacute bacterial endocarditis, Schottmiiller, 
1910). It took a long time, however, before it 
became clear that a reaction to the hemolytic 
streptococcus was responsible for much if not 
all of rheumatic heart disease (Poynton and 
Paine, 1913, Coombs, 1924, and Coburn, 1931). 

Roentgenology, within a few months of its 
introduction by Roentgen in 1895, was ap- 
plied to the heart by Williams in 1896. During 
the next two decades it was rapidly utilized in 
clinical studies in the two technics of (1) 
fluoroscopy and orthodiagraphy (Moritz 1902) 
and (2) teleroentgenography by many workers 
in the field. 

The various kinds of heart disease began to 
be studied and defined during the nineteenth 
century. Congenital defects were discussed by 
Farre in 1814, Gintrac in 1824, Peacock in 
1858, Roger in 1879, Fallot in 1888, and Eisen- 
menger in 1897. Several of their names have 
remained to designate particular lesions. 

Rheumatic heart disease was described by 
Baillie in 1799, Wells in 1810, Bouillaud in 
1840, and many of their successors. Little was 


said about either hypertensive or coronary 
heart disease, although Bright (1836) described 
the big heart found in nephritis and ascribed 
the enlargement to overwork (as did Allbutt 
in 1895), and a number of pathologists de- 
scribed coronary artery disease and myocardial 
infarcts (Parry, 1799; Scarpa, 1804; Hodgson, 
1815: Lobstein, 1833; Leyden, 1884; Marie, 
1896) and rare cases of clinical coronary throm- 
bosis were described (Hammer, 1878 and Dock, 
1896). However, it was necessary to wait until 
the next century for hypertensive heart dis- 
eases to evolve from “cardiorenal or Bright’s 
disease” (although Sir Clifford Allbutt was 
close to the answer) and for coronary thrombo- 
sis to be described clearly as a common clinical 
entity (Herrick, 1912). 

Chronic constrictive pericarditis, long and 
erroneously called Pick’s disease (Pick, 1896), 
was well described by physicians at Guy’s 
Hospital in London, by Chevers in 1842 and by 
Sir Samuel Wilks in 1870. It remained for 
twentieth century physicians and surgeons in 
the 1920’s and 1930’s to put it in its proper 
place. 

One other very interesting condition which 
we now call neurocirculatory asthenia, and 
which is not heart disease although its multiple 
cardiovascular symptoms may be confused by 
the uninitiated with those of heart disease, was 
described in part by John C. Williams in 1836 
but in more detail by B. R. Myers in 1870 and 
Da Costa in 1871. Its etiology still remains 
obscure in 1957. 

Arrhythmias attracted more attention during 
the nineteenth century although they had 
actually been noted in all their forms ever since 
Galen described them in detail in the second 
century A.D. However, labels began to be 
attached to them, for example, paroxysmal 
tachycardia by Bristowe in 1887 and Bouveret 
in 1889. Changes in the pulse volume were also 
defined, such as pulsus alternans by Traube in 
1892, and the so-called paradoxical pulse by 
Kussmaul in 1873. Towards the end of the 
century these various abnormalities of the 
pulse were brought together by Mackenzie and 
Wenckebach whose clinical observations, based 
on arteriograms and phlebograms, culminated 
in their notable contributions in 1902 and 1903 
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respectively; but atrial fibrillation was still to 
be described in 1909, independently, by 
Thomas Lewis, and Rothberger and Winter- 
berg, and atrial flutter by Ritchie in 1911. 
Ventricular fibrillation, however, had been 
identified in the experimental animal as long 
ago as 1850 (Hoffa and Ludwig) and 1887 
(MeWilliam). Heart block with very slow or 
intermittent pulse had been clinically known 
and defined much earlier, as already noted, and 
described in laboratory animals by Stannius in 
1852 and by Gaskell in 1881. Kent and His 
described their so-called bundles in 1891 and 
1893 respectively. 

During the latter half of the century, the 
electric activity of the heart was being studied 
in laboratory animals and in man (K6lliker 
and Miiller, 1855; Sanderson and Page, 1878; 
Waller, 1887; Bayliss and Starling, 1893), but 
it was not until Einthoven invented the “string 
galvanometer” in 1903 that clinical electro- 
cardiography became possible. 

Other physiologic technics that were devel- 
oped during the latter half of the century in- 
cluded vital capacity recording (Hutchinson, 
1846), sphygmography (Vierordt, 1855, and 
Marey, 1860), ballistocardiography (Gordon, 
1877), blood flow studies (Pick, 1870, and 
Stewart, 1894), and sphygmomanometry (Von 
Bausch, 1881, and Riva Rocci, 1891), but all 
these studies were in their early stages and 
became clinically applicable only in the next 
century. 

Finally, although during the nineteenth cen- 
tury treatment of cardiovascular disease began 
to develop slowly, it was still in a primitive 
stage in 1900. The remedies described by Senac 
in 1749 were still largely operative—rest, which 
was often effective, venesection, which on occa- 
sion was helpful in acute pulmonary edema 
but which was largely overdone until the latter 
part of the century, leeches, a light diet (though 
there were no clear rules about salt or fat 
except that the Karell diet (1866) consisting of 
200 ml. of milk 4 times a day did have a low 
content of salt and fluid as well as of calories 
and, for short intervals, is still quite effective 
in the treatment of congestive heart failure), 
opiates in emergency, mercury in toxic doses 
such as the Massachusetts General Hospital 


doctors were still using for rheumatic fever i: 
the 1840’s, and foxglove, usually in imprope: 
dosage and in the wrong cases. A purified forn 
of digitalis scientifically designated digitoxi 
but called digitaline was introduced in Frane. 
by Nativelle in 1845. Lauder Brunton recom 
mended amyl nitrite in preference to spirit 
for angina pectoris in 1867, and Murrell intro 
duced nitroglycerin in 1879. Pericardial para 
centesis was begun by Vernay in 1856 and i 
1898 Delorme recommended pericardial resec 
tion for chronic constrictive pericarditis, n¢ 
one, however, following his advice for a goo 
many years (Sauerbruch, 1913, Rehn, 1920 
Schmieden, 1924, Churchill, 1929, Beck, 1930). 
Southey introduced his “tubes” in 1877 and, 
even now, they prove helpful on occasion. 
Farina and Rehn in 1896 began to operate on 
the heart to repair wounds. 

And so the century closed with very many 
minor advances which, however, when added 
together assumed a considerable total; but 
there was still, in general, a lack of team work 
between internists on the one hand and physi- 
ologists, pathologists, and surgeons on the 
other. 


1900-1957 


Before presenting certain outstanding spe- 
cific advances in the first half of the twentieth 
century, I would like to review a few of the 
general reasons for the remarkable develop- 
ment of our knowledge of diseases of the heart 
and blood vessels during the last generation. 

Until after the first world war, that is, about 
1920, there was little or no recognition of the 
wisdom of specialization in the field of internal 
medicine. Even today in certain parts of the 
world, including areas in the U.S.A., there is in 
practice, teaching, and research a reluctance 
to subdivide the body. Yet, to many of us, it 
was quite obvious several decades ago that 
such specialization and concentration in prac- 
tice must develop in order to advance our 
knowledge. It was our thought then, and it 
still is, that groups of people specializing in 
different fields can, by their propinquity and 
frequent consultations with each other, keep 
their feet on the ground and maintain a proper 
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yoint of view. This must be true also of our 
special community health drives. Until we 
have progressed further than we have to date 
we are not in a position to relax and, as fre- 
quently is said, to put the body back together 
again in perfect order. Eventually, after we 
have mastered the main health problems that 
still face us then we can probably get along 
with one community drive and one hearing 
before the Committees in Congress. 

Thus, specialization beginning about 1920 
has, without doubt, been largely responsible for 
the fact that more has been learned about the 
diagnosis, prognosis, and treatment of diseases 
of the heart and blood vessels in the last genera- 
tion than in all the centuries before. 

The second important reason why such an 
advance has taken place in our knowledge, not 
only of heart disease but also of almost all 
other fields in medicine, is the development of 
team work, both between the various workers 
in the basie sciences and those in the medical 
and surgical fields in the community, and also 
through the coordination of such activities by 
national and international teams. Cooperative 


researches have been, and will continue to be, 
very valuable. One of the needs of the future is 
that of international epidemiologic cardiovas- 
cular research to study the relationship of the 
ways of life to heart disease throughout the 
world. 


The third reason for the great advance in 
this generation is that heart disease has been 
accepted as a major public health problem just 
as, in the past, infections like tuberculosis, 
poliomyelitis, and the various kinds of cancer 
had been accepted. This acceptance has re- 
sulted in the support of research through pri- 
vate and public funds, highlighted by two 
events, the establishment of the American 
Heart Association in 1924 and its recognition 
some 20 years later of its role in cardiovascular 
research, teaching, and community programs, 
and the establishment of the National Heart 
Institute and National Advisory Heart Council 
under the wing of the U. 8. Public Health 
Service, by act of Congress in 1948. At the 
hearings before the House and Senate Com- 
mittees every year there has been afforded an 
opportunity to educate the legislators and, 


through them, the public at large, to the need 
for research and training in heart disease. 

Now as to certain major specific advances, 
in 1912 James Herrick of Chicago published a 
paper in the Journal of the American Medical 
Association that will remain a medical classic 
for all time. It was entitled Clinical Features of 
Sudden Obstruction of the Coronary Arteries. 
This was the basis on which rests our growing 
knowledge of this major threat to the health of 
our young and middle aged males in this 
country today. A very important and useful 
related study by Schlesinger and Blumgart in 
1937 concerning the development of the col- 
lateral coronary circulation has explained the 
role of nature in the common experience of 
recovery from coronary insufficiency without 
either wonder drugs (except the very useful role 
of nitroglycerin) or surgical technics. 

The second major milestone in our knowledge 
of heart disease came in the form of a paper by 
Richard Cabot published also in the Journal 
of the American Medical Association, two years 
later, in 1914, entitled The Four Common 
Types of Heart Disease: an Analysis of 600 
Cases. This directed attention to the etiologic 
factors in contrast to structural defects and 
functional disorders which are, of course, also 
important, but should be preceded in the diag- 
nosis by the etiologic factor. Following this 
paper of Richard Cabot’s there developed, 
slowly, in various centers, the recognition of 
the importance of this change in the classifica- 
tion of cardiac diagnosis. The earliest paper in 
this field was that by White and Myers in 1921 
entitled The Classification of Cardiac Diag- 
nosis. 

The third great specific advance has been 
that in cardiovascular surgery to which I have 
already referred. First the outside of the heart 
was worked on when a constricting pericardium 
was removed successfully. Then other surgery 
on the blood vessels around the heart 
developed, for example, the ligation and section 
of the congenitally patent ductus arteriosus 
(Gross, 1939), by anastomoses carried out by 
Blalock and Taussig (1945) and by Potts 
(1946) for the tetralogy of Fallot. Later, there 
developed the surgical correction of coarctation 
of the aorta (Gross, 1945, Crafoord, 1945). 
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Finally, the interior of the heart now has be- 
come subject to correction. Although an effort 
was made by Cutler in 1924 to correct the lesion 
of tight mitral stenosis, inadequate technic and 
anesthesia of the day forced a delay of some 20 
years until after the second world war when 
several courageous surgeons (in particular Har- 
ken and Bailey) initiated the successful surgical 
amelioration of the effects of mitral stenosis. 
Medical advances too have been of great 
significance. A number of congenital cardio- 
vascular defects, not even recognized clinically 
a generation ago, such as coarctation of the 
worta, are now easily diagnosed. The impor- 
tance of correct diagnoses in congenital defects 
is clearly borne out by the possibility of surgical 
cure or improvement. In the diagnosis of these 
defects and also in the case of rheumatic 
valvular disease (in particular mitral stenosis) 
and for chronic constrictive pericarditis, cardiac 
catheterization has been of the greatest value. 
This was first done by Forssmann (who received 
a Nobel Prize in 1956) on himself in 1929 and 
was developed as a practical routine measure 
by Cournand and Richards in the years that 
have followed (they also received Nobel Prizes 
in 1956). Advances in the field of electro- 
cardiography have also been outstanding due, 
particularly, to the introduction of chest leads 
in practice by Wood and Wolferth in 1932. Now 
vectorcardiography is beginning to be intro- 
duced in a useful way, although there is much 
still to be done in its appraisal and final estab- 
lishment. Similarly, ballistocardiography _ is 
going through the pains of childbirth. 
Medical treatment of heart disease has de- 
veloped since 1900 so rapidly that those of us 
who were taught in medical school in the first 
two decades of the century had very little idea 
of what to do for cardiac patients. The proper 
use of digitalis, the use of quinidine sulfate for 
the control of arrhythmias, the introduction of 
mercurial diuretics in a practical way (Saxl, 
1920), the introduction of the low sodium diet 
for congestive heart failure (Widal and Lemi- 
erre, 1903, Schroeder, 1941 ), and the use of the 
antibiotics in the control of infectious causes of 
heart disease have all made the difference be- 
tween our hopeless therapy of years ago and 
the optimism that is rightfully ours today. 
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Our knowledge of the prognosis of heart dis- 
ease has also made great strides in the pas 
generation because some of the conditions, sue | 
as myocardial infarction, were just beginning t.) 
be recognized 30 years ago and a long follow-y); 
has been needed to determine more adequate] 
the prospects of those who are affected by my« 
cardial infarction due to coronary thrombosis 
A much neglected area in prognosis is that o 
the recognition of the importance of heredit: 
and the taking of an adequate family history 

May I add that one of our defects today 
both of commission and omission, is to attemp 
to provide an answer concerning all the aspect 
of the medical problems that beset us in diag 
nosis, prognosis, tr ‘atment, and prevention 
by setting up programs across the board, thai 
is, one standard for all. We know from ow 
clinical experience in the practice of medicing 
that in diagnosis, prognosis, and treatment, the 
individual and his background of heredity are 
just as important, if not more so, as the disease 
itself. Far too little attention has been paid to 
research on the host, i.e., on human genetics. 
while much study has been done and is pro- 
jected for the future on the agent, that is, on 
the effect of the various Ways of life. It is timely 
that we should begin concentrated efforts to 
determine the candidates for whose sake we 
should apply in particular the preventive 
measures that we may discover in the future. 

Two of the greatest problems remaining for 
us to take up with vigor are rehabilitation 
of cardiovascular patients and epidemiologic 
cardiovascular research, that is, the relation- 
ship of the various Ways of life to disease of the 
heart and blood vessels. This last is the basis 
for our ultimate aim in preventive medicine. 
Until we learn all the answers, however, may | 
suggest that more attention be paid to the 
simple rules of health such as were advanced 
and often applied by our medical ancestors of 
centuries ago. These, if adequately carried out, 
especially by candidates for certain diseases 
such as hypertension and coronary athero- 
sclerosis, might, for all we know, prevent or 
delay the onset of these diseases. At least we 
must try to find out if our diet is too rich and 
if our life is too soft. There may be more truth 
than poetry in such a statement, howbeit an 
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But lest we become overconfident in our 
accomplishments let us remember the advice 
of the old man in Adelphi, the comedy of 


« .aggerated one, as that made by John Dryden 
; 1680 in a letter to a kinsman: 


“By chase our long-liv’d fathers 
carn’d their food; 

Toil strung the nerves and purified 
the blood ; 

But we, their sons, a pamper’d race of 
men, 

Are dwindled down to three score 
years and ten. 

Better to hunt in fields for health un- 
bought 

Than fee the doctor for a nauseous 
draught. 

The wise for cure on exercise depend; 

God never made his work for man to 


Terence, quoted by William Harvey: 


For never yet hath anyone attained 

To such perfection, but that time 
and place, 

And use, have brought addition to his 
knowledge; 

Or made correction, or admonished 
him, 

That he was ignorant of much 
which he 

Had thought he knew; or led him to 
reject 

What he had once esteemed of highest 


mend.” price. 


Most learned Riolan, by the help of the Presse, many years ago, I published a part of my labour: 
But since the birth-day of the Circulation of the Blood, almost no day has past, nor the least 
space of time, in which I have not heard both good and evill of the Circulation of the Blood which 
I found out: Others rail at it, as a tender babie unworthy to come to light; Others say, that it’s 
worthy to be foster’d, and favour my writings, and defend them; Some with great disdain oppose 
them; Some with mighty applause protect them; Others say, that I have abundantly by many 
experiments, observations, and ocular testimony, confirm’d the Circulation of the blood against 
all strength and force of arguments; Others think it not vet sufficiently illustrated, and vindicated 
from objections; But there are who cry out, that I have affected a vain commendation in dissection 
of living creatures, and do with childish slighting dispraise and deride at Frogs and Serpents, 
Gnats, and other more inconsiderable creatures brought upon the Stage, and refrain not from ill 
language. But I think it a thing unworthy of a Philosopher and a searcher of the truth, to return 
bad words for bad words; and I think I shall doe better and more advised, if with the light of 
true and evident observations, I shall wipe away those symptomes of incivility. 

It cannot be eschewed but doggs will bark and belch up their surfeits; nor can it be help’d but that 
the Cynicks will be amongst the number of the Philosophers; but we must take a speciall care that 
they do not bite, nor infect us with their cruel madnesse, or lest they should with their doggs teeth 
gnaw the very bones of principles of truth.—W1.Lu1am Harvey, De Circulatione Sanguinis, 1649. 
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Selection of Patients for Mitral and 
Aortic Valvuloplasty 


By Laurence B. Exuis, M.D., Watrer H. ABELMANN, M.D., anp Dwicut E. Harken, M.] 


HE operation to correct mitral stenosis has 

proved its value in the past 8 years. Aortic 
stenosis can also be palliated surgically but the 
results are less dramatic, the risk is higher, and 
the pathologie process often limits the quality 
of the repair. Operations for mitral and aortic 
insufficiency are still in the experimental stage, 
but are improving. This article is concerned 
chiefly with the selection of patients with pre- 
dominant mitral stenosis for operation. Such an 
operation has been termed by us ‘‘valvulo- 
plasty.”” Operations with similar objectives, 
i.e., fracturing and cutting fused commissures, 
separating fusion of the chordae tendineae, and 
withall returning the maximum valvular action 
to the stenotic complex have been variously 
designated as ‘“commissurotomy,” ‘“valvu- 
lotomy,” or “‘valvotomy.”’ 

Physicians treating patients with rheumatic 
mitral valve disease are now faced with the 
question whether or not to recommend oper- 
ation. In making such a decision several factors 
are involved. As in any condition where there 
are alternative medical and surgical treatments, 
the decision requires knowledge of the specific 
medical prognosis, the operative risk, and the 
results to be gained from surgery. 


MitRAL STENOSIS 


Summary of Present Indications for Operation in 
Predominant Mitral Stenosis 


Our opinion as to which patients should be 
offered operation has not changed since our 
early experience. The results of surgery have 


From the Thorndike Memorial Laboratory, Second 
and Fourth (Harvard) Medical Services, Boston City 
Hospital, the Surgical Service of the Peter Bent 
Brigham Hospital, and the Departments of Medicine 
and Surgery, Harvard Medical School. 

This investigation was aided by a grant from 
The National Heart Institute (H 442). 


borne out our original concepts and these hav 
now been generally accepted.' Patients wit! 
the murmur of mitral stenosis but withou 
symptoms (group I) do not need operation 
Many of them remain asymptomatic for man) 
years. It must be remembered that the oper 
ation for mitral stenosis is a good palliative bu' 
not a curative operation, although the palli 
ation is often life-saving. In patients with 
moderate but nonprogressive symptoms (group 
II), the operation may be considered elective. 
The decision depends on the patient’s social, 
economic, and psychologic situation. The 
patients in this as well as in other groups 
should be observed with care and given medica! 
treatment when possible before advising 
surgery. Frequently, with simple medical 
measures and readjustment of the patient’s life 
the symptoms become remarkably ameliorated. 
Some unusual situation such as pregnancy or 
severe infection may have precipitated cardiac 
symptoms. Without such stress the patient 
may enjoy a good state of compensation. 

Patients in group III, disabled by progressive 
symptoms, chiefly dyspnea, but who have not 
yet become complete cardiac invalids or 
progressed to chronic persistent congestive 
failure, need the operation urgently. The risk at 
the present time is very low and the results are 
excellent. The medical prognosis of these 
people is poor. 

Group IV patients are cardiac invalids con- 
demned to a life of complete inactivity under 
medical treatment, with a relatively short life 
expectancy. Although the operative risk in 
these patients remains high, the results are 
surprisingly good and operation should be 
offered. Physicians should be alert, however, to 
urge operation while these patients are still in 
group III when much can be accomplished at a 
low operative risk. It is bad practice to wait 
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until they have slipped into group IV. While the 
esults of surgery contrast brilliantly with 
iedical therapy in this category, we must not 
‘t this conceal the great disservice that has been 
one the patient by allowing him to move from 
roup III into IV. The operative risk to the 
yatient has increased perhaps 30 times and his 
yotentialities for rehabilitation have dimin- 
shed. 


)perative and Postoperative Prognosis of Mitral 
Stenosis 


Our conclusions as to the value of the pro- 
‘edure are based on a study of 1,000 consecutive 
patients operated upon for predominant mitral 
stenosis by one of us (D. E. H.). 

Many of the patients in this group were diag- 
nosed preoperatively as having some degree of 
mitral insufficiency in addition to the stenosis. 
Patients with minor degrees of aortic valve dis- 
ease and with tricuspid incompetence were 
included. We have previously reported a fol- 
low-up study of the first 500 of these patients! 
and the more recent data bear out the conclu- 
sions reached at that time. 

No patients in group I have been operated 
upon. There have been only 19 in group II, and 
these have been included in group III for 
statistical purposes. Group III patients con- 
stituted nearly three fourths of the entire group 
and the remainder were group IV patients. 

The mortality of mitral valvuloplasty in the 
first consecutive 1,000 has steadily fallen, so 
that the risk in group II and group III patients 
is now less than 1 per cent. There were but 2 
deaths among the group IIT patients in the last 
500 of this series. However, the group IV mor- 
tality remains high at about 20 per cent. This 
emphasizes the importance of operating on 
patients before they slip from group III to 
group IV. This deterioration can usually be 
anticipated. 

Seventy-eight per cent of the patients in 
group III and 62 per cent of patients in group 
IV showed significant postoperative improve- 
ment at the time of the most recent follow-up 
report. Criteria for improvement have been de- 
fined elsewhere.! The degree of improvement in 
group III patients has been maintained over a 
follow-up time up to 5 years (fig. 1). Thus the 
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Fic. 1. Per cent of improvement in patients fol- 
lowed one or more years after operation for mitral 
stenosis. 


improvement from operation is persistent, and 
the number of significant regressions is small. 
The same is true for group IV patients. The 
degree of improvement in group III patients 
after 6 or more years is less than for the first 
years but the differences are not significant 
because of the small number of patients 
followed. 

Some skeptics argue that improvement may 
be due to the psychologic effect of the procedure 
or to better medical care and not to the oper- 
ation itself. We have data, as have others, 
indicating that the hemodynamics of the circu- 
lation actually improve after the operation in a 
considerable number of patients. This long- 
term clinical study of a large number of patients 
constitutes further evidence. The simple fact 
that the good results persist suggests that the 
operation has fundamentally altered the pa- 
tient’s course. The ultimate test of the value of 
this operation, of course, will be whether these 
patients will survive longer than comparable 
patients treated medically. 


Prognosis of Patients with Mitral Stenosis 
Treated Medically 


It is almost impossible to obtain data on 
medically treated patients similar to this 
surgical series of 1,000. Most studies are either 
statistically invalid or the groups not easily 
comparable. Some studies based on autopsy 
statistics are retrospective, so that it is almost 
impossible to determine when and to what 
degree the patients became symptomatic. 
Grant® reported a group of soldiers with rheu- 
matic heart disease followed 10 years after 
World War I. This important study dealt with 
young males only. He found that 45 per cent of 

































































the patients who originally had poor exercise 
tolerance were dead at the end of 10 years, and 
all were dead who had shown congestive 
symptoms. 

A study by Wilson and Greenwood® on life 
expectancy, which is not strictly comparable 
with ours, indicates that about 50 per cent of 
their patients who originally had shown severe 
pulmonary congestion or atrial fibrillation were 
dead in 5 years, and 60 per cent of those who at 
any time had shown right heart failure were 
dead at this point. Hamilton and Thomson’ 
cited statistics on women in the child-bearing 
age to the effect that 20 per cent of the ‘‘favor- 
able” and 63 per cent of the ‘tunfavorable”’ 
cardiac patients were dead after 10 years. Most 
of their “favorable” patients would belong in 
class 1 and 2 in the American Heart Association 
or our classifications. Most of the ‘“‘unfavor- 
able” group would fall in our groups IIT and 
IV. 

The only series comparable to ours of which 
we are aware is that by Olesen,’ who studied a 
group of medically treated patients first ob- 
served between the years of 1933 and 1949 in 
Copenhagen. One hundred seventy-six of these 
patients were classified according to the Amer- 
ican Heart Association in class 3 or were 
fibrillating patients in class 2, and 52 were in 
class 4. These are comparable to our groups III 
and IV. The average age and the sex distribu- 
tions are almost exactly the same as in our pa- 
tients. What then are the results in our series of 
operated patients as compared with Olesen’s 
medically treated patients, so far as survival is 
concerned? Figure 2 shows the results in group 
III patients over a 7-year period. Of the medi- 
cally treated patients, 51 per cent survived for 
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Fic. 2. A comparison of survival rates in group II 
and III patients with mitral stenosis treated medi- 
cally and surgically. 
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7 years. Of the surgically treated patients th: 
survival rate was 87 per cent after 7 years 
including an operative mortality of 3 per cent 
Thus the survival rate in the operated patient 
was significantly better than in Olesen’s grou 
of medically treated patients. One must bear it 
mind, of course, that many of these medically 
treated patients were observed prior to some 0 
the more recent advances in cardiac thera 
peutics and, in particular, before the advent o 
antibiotic treatment. 

The group IV patients have been similarly 
compared and gave even more striking results 
(fig. 3). In our group of operated patients 
survival rate has been 54 per cent at the end of 
7 years, including the mitral operative mor- 
tality of 24 per cent. Only 6 per cent of Olesen’s 
medically treated patients were alive at the 
end of 6 years. In comparing the 2 groups, the 
operated patients are still better off as far as 
survival is concerned even at the end of the 
first year of observation, which includes the 
operative mortality. The difference between the 
survival of operated and medically treated pa- 
tients is so striking in both groups III and IV 
that it is evident that the operation for mitral 
stenosis has increased life expectancy. More- 
over, the operated patients have, for the most 
part, lived lives of much greater comfort and 
usefulness, in contrast to the deterioration that 
characterizes the patients under medical 
treatment. 


Preoperative Evaluation of the Patient with 
Mitral Valvular Disease 
The preceding discussion has been concerned 
with over-all results of a large group of patients 
who were diagnosed preoperatively as having 
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Fic. 3. A comparison of survival rates of group IV 
patients with mitral stenosis treated medically and 
surgically. 
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predominant mitral stenosis. When individual 
gatients are under consideration for operation, 
the degree of mitral stenosis and the extent to 
which the symptoms are attributable to ob- 
struction at the mitral valve or to other factors 
must be assessed. 


Degree of Stenosis 


Insistence that symptoms be present and 
either disabling or progressive before consider- 
ing mitral valvuloplasty has proved to be a 
good method of limiting surgery to patients 
with hemodynamically significant stenosis. It 
allows those with only “‘auscultatory” stenosis 
to avoid surgery. Although an _ occasional 
asymptomatic patient with severe stenosis 
changes to a rapid deteriorating course, the 
symptomatic stage of mitral stenosis is generally 
of gradual onset and there is ample clinical warn- 
ing before life is threatened and operative risk 
is significantly increased. 

There are patients whose symptoms are 
atypical or whose history is difficult to inter- 
pret. These include patients who tend to mini- 
mize symptoms and conceal disability. They 
often adjust their lives remarkably to their 
limited capacity. Conversely, there are patients 
unusually aware of symptoms. This group in- 
cludes patients with cardiac neurosis or neuro- 
circulatory asthenia. Careful history from 
family and friends and prolonged observation 
of the patient may help in clinical assessment. 
Right ventricular hypertrophy by  electro- 
cardiogram or enlargement of the right ventricle 
and pulmonary artery by fluoroscopy suggests 
significant stenosis. Often a valid clinical 
decision can only be made by means of objective 
tests of cardiac function, e.g., cardiac catheteri- 
zation, or over-all cardiopulmonary perform- 
ance, as suggested by Bruce.’ If the lesion is 
pure mitral stenosis and no other cardiac or 
pulmonary disease is likely, direct evidence of 
pulmonary hypertension and elevated pulmo- 
nary wedge (‘‘capillary’’) pressure, especially 
during exercise, constitute adequate indica- 
tions for operation. This is one group of pa- 
tients in which catheterization of the right 
heart may still be of clinical value. 

When, however, the clinical signs of mitral 
stenosis are equivocal, and particularly when 
there is also suspicion of mitral insufficiency, 


aortic valve disease, or myocardial failure, right 
heart catheterization is not likely to be of diag- 
nostic help, and the method of choice is per- 
cutaneous catheterization of the left heart. This 
was first described by Bjérk and associates!” 
in Sweden in 1953. The technic was modified 
and improved by Fides in 1954." With the 
patient in the prone position a needle is inserted 
under fluoroscopic guidance through the skin 
of the back into the left atrium. A catheter 
is then passed through the needle across the 
mitral valve into the left ventricle. Pressures on 
both sides of the mitral valve are measured 
successively or preferably simultaneously” 
(fig. 4 bottom). The mean pressure difference 
(gradient) across the mitral valve during di- 
astole is thus obtained. There is no pressure 
difference across the normal mitral valve during 
diastole (fig. 4 top). Narrowing of the mitral 
valve constitutes an obstruction in the face of 
which diastolic blood flow can only be main- 
tained by a rise in left atrial pressure producing 
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Fig. 4. Catheterization of the left heart in mitral 
stenosis. Top. The pressure tracings obtained during 
withdrawal of a catheter from the left ventricle to 
the left atrium across a normal mitral valve demon- 
strate that there is no pressure difference across the 
valve in diastole. Bottom. Withdrawal from the left 
ventricle to the left atrium across a stenosed mitral 
valve shows a mean diastolic pressure gradient of 17 
mm. Hg. Cardiac output determined by simultaneous 
catheterization of the right heart was 3.8 L./min. By 
means of the formula of Gorlin and Gorlin'* the dias- 
tolic mitral valve area was estimated to be 0.7 cm.? 
Severe mitral stenosis was found at subsequent mitral 
valvuloplasty (D. E. H.). 



































































































































928 


a pressure difference across the mitral valve. 
Blood flow is a function of both the size of the 
valve orifice and the pressure gradient across 
it in diastole. If the pressure gradient and blood 
flow are measured simultaneously, functional 
valve size may be estimated from hydraulic 
formulas. These were developed by Gorlin and 
Gorlin™ at a time when the pressure gradient 
could not be measured directly but only as- 
sessed as the difference between the pulmonary 
wedge pressure determined by right heart 
catheterization and an assumed left ventricular 
diastolic pressure. 

Measurement of the pressure gradient across 
the mitral valve by percutaneous left heart 
catheterization or at the time of thoracotomy 
will give information as to presence or absence 
of obstruction, and may allow some general 
judgment as to its severity if the arterial blood 
pressure is normal. Quantification of stenosis, 
however, demands a simultaneous determina- 
tion of the cardiac output. Left heart catheteri- 
zation alone or in combination with right heart 
catheterization has been performed in our 
laboratories on approximately 150 occasions 
without serious complications. Our experience 
and that of others": suggest that this technic 
carries a low risk when performed with care in 
selected patients. The procedure remains to be 
fully developed and evaluated but it shows 
great promise. It is the most direct physiologic 
approach to the mitral valve yet devised. 


The Differentiation of Stenosis from Insufficiency 


Surgery of mitral valve disease has made 
more imperative quantitative differentiation of 
degrees of stenosis and insufficiency and has 
also aided in elucidating the diagnostic criteria. 
It is clear that a simple diagnostic differenti- 
ation based on the presence of apical systolic or 
diastolic murmurs is not only inadequate but 
often misleading. It is true that loud apical 
systolic murmurs transmitted laterally suggest 
the presence of mitral insufficiency but they 
furnish little quantitative information; insuffi- 
ciency may be severe with slight murmurs or 
insignificant with loud murmurs. Many pa- 
tients have associated tricuspid insufficiency, 
which may give rise to systolic murmurs diffi- 
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cult to distinguish from those arising at th: 
mitral valve, although they are usually no 
transmitted laterally of the apex. The samx 
applies to diastolic murmurs; marked rumbling 
diastolic murmurs with presystolic accentu 
ation usually mean stenosis, but stenosis may 
be severe with slight diastolic murmurs 01 
rarely none at all, and patients with free in 
sufficiency may have loud diastolic murmurs 
usually, however, rather early in timing. A 
sharp mitral first sound and an opening snaj 
both point to stenosis. 

Patients with predominant insufficiency fre- 
quently have less pulmonary hypertension and 
a relatively lower effective forward blood flow 
than those with stenosis who are at a compara- 
ble stage of the disease. Hence the former are 
somewhat more likely to complain of fatigue as 
a dominant symptom rather than dyspnea. 
However, too much reliance should not be 
placed on this differentiation because excep- 
tions are frequent. The presence of pulmonary 
hypertension is reflected in an increased and 
often split pulmonic second sound, prominent 
pulmonary artery shadows shown roentgeno- 
graphically, and right ventricular enlargement. 
All of these are more common in mitral stenosis, 
whereas left ventricular enlargement not other- 
wise explained is a sign pointing to mitral in- 
sufficiency. It is often very difficult to be sure 
from roentgenogram or fluoroscopy to what 
degree right and left ventricular hypertrophy 
contribute to the enlarged cardiac silhouette, 
especially if the left atrium is markedly dilated. 
The electrocardiogram is often of greater help 
in estimating the type of enlargement. Unusual 
enlargement of the left atrium is found most 
commonly in association with insufficiency, and 
in the oblique view the enlarged atrium is 
characteristically low and may rest on the 
diaphragm. Systolic expansion of this chamber 
has not proved to be a helpful sign in differenti- 
ation. Calcification of the valve usually means 
that at least some stenosis is present. 

Methods for the detection of mitral insuffi- 
ciency by injection of radiopaque dye into the 
left atrium or ventricle have been reported but 
are still to be considered in the experimental 
stage. 
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In summary, there is no absolute method of 
lifferentiating stenosis from insufficiency clini- 
‘ally. All of the evidence must be weighed and a 
lecision reached after such total evaluation.!® 
\s will be seen, laboratory study helps little in 
his problem. 

When significant amounts of blood regurgi- 
tate backward across the mitral valve in systole, 
forward mitral valve flow during diastole must 
increase if aortic valve flow or cardiac output is 
to be maintained. This increase in systolic flow 
across a narrowed mitral valve will be possible 
only if the pressure gradient is increased by a 
rise in left atrial pressure. In other words, in- 
sufficiency superimposed on anatomic stenosis 
of a valve increases physiologic stenosis by in- 
creasing the demand for forward flow. Since 
there is, as yet, no dependable method of 
measuring valve flow when regurgitation is 
present, although current work in our and other 
laboratories shows some promise that analysis 
of indicator-dilution curves may help in this 
regard,” this method of estimating valve size 
by means of left heart catheterization does not 
apply when there is valvular insufficiency. As a 
rule; the presence of insufficiency is signaled by 
a regurgitant wave inscribed on the left atrial 
pressure tracing. The atrial pressure tracing, 
however, has little quantitative value, nor does 
its derivative, the pulmonary wedge pressure 
tracing. Neither has been found helpful by us in 
estimating the degree of mitral insufficiency or 
of stenosis. Nevertheless, analysis of all clinical 
and physiologic data in a given patient usually 
permits a correct decision. 

Predominant mitral insufficiency constitutes 
a contraindication to the conventional operation 
for stenosis. On the other hand, when stenosis 
predominates and is at least moderate in degree, 
surgical treatment of the stenosis alone will be 
followed by worth-while improvement in more 
than half of the patients even in the presence of 
insufficiency. In the past 3 years mild to moder- 
ate degrees of associated regurgitation seem to 
have been improved by a simple extracardiac 
maneuver that involves the insertion of an 
external baffle that tends to reduce the valvular 
and atrial herniation and distorts the annulus 
so that the leaflets approximate better. Defini- 


tive correction of regurgitation has been un- 
satisfactory to date. 


Peripheral Embolization 


This is one of the great hazards to patients 
with mitral stenosis, particularly if they are 
fibrillating. No satisfactory medical preventive 
treatment has yet evolved. Our experience in 
this regard is as follows: in 19 per cent of the 
first 1,000 operated patients one or more clear- 
cut episodes of peripheral embolization had oc- 
curred prior to operation. The present risk of 
developing an operative embolus in patients is 
2 per cent in group III and 9 per cent in group 
IV, but it is twice as great in patients with a 
history of preoperative embolus. Once the 
hurdle of operation is safely passed, however, 
the likelihood of a late embolus appears to be 
slight. Of the entire group of 913 patients 
surviving operation 19 have developed late 
peripheral emboli. Since the average time of 
follow-up in the series is nearly 3 years, this 
represents an experience of more than 2,500 
patient years or a rate of 0.6 per cent per year. 
This figure indicates that operation protects 
against late embolization. This presumably is 
due to reducing stasis in the atrium by valvulo- 
plasty and removing a nidus of extreme stagna- 
tion by concomitant appendectomy. Operation 
may be recommended as a proper procedure in 
patients who have had previous emboli. It is 
probably more reliable and carries less risk than 
other radical treatments in the prevention of 
emboli in such patients. 

How soon operation should be undertaken 
after a major peripheral embolism is uncertain. 
We have had considerable experience with pa- 
tients operated upon hours, days, and weeks 
after peripheral embolization. The incidence of 
operative embolization is no greater than when 
the operation is delayed. Moreover, even after 
such a recent embolic phenomenon, thrombi in 
the atrium and atrial appendage are found at 
operation in only about half of the cases. 
Probably the ideal approach is to keep a patient 
on anticoagulant therapy for 3 or 4 weeks after 
a peripheral embolus and then operate as soon 
as possible after the omission of anticoagulant 
therapy permits the clotting mechanism to re- 
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turn to normal. Occasionally, the hand of the 
surgeon is forced in patients who are having 
showers of peripheral emboli. In such instances 
mitral valvuloplasty may actually become an 
emergency procedure. 


Rheumatic Activity 


Rheumatic activity with myocardial failure 
as opposed to valvular obstruction causing 
symptoms is a recurring problem. There is no 
good test for rheumatic activity. Most patients 
do not show the classical criteria of rheumatic 
fever. There is no correlation between Aschoff 
nodules in the auricular biopsies and the clinical 
course of these patients. Various laboratory 
tests useful in young people with active rheu- 
matic fever are of little help in these patients, 
who are usually adults with subclinical rheu- 
matic activity. Antistreptolysin titers and 
determinations of C-reactive protein usually are 
normal and sedimentation rates are not likely 
to be useful. Many patients with high-grade 
mitral stenosis, particularly those having some 
degree of congestive failure, show slightly 
elevated sedimentation rates even in the 
absence of any evidence of rheumatic fever. If 
flagrant rheumatic activity is obvious, oper- 
ation should be postponed. If doubt exists as to 
rheumatic activity and there is clear evidence 
of symptoms due to obstruction, operation is 
usually worthwhile. This removes one cardiac 
burden and the patient may handle his rheu- 
matic carditis better. 


Myocardial Failure 


It is often difficult if not impossible to deter- 
mine clinically to what degree symptoms of 
pulmonary or systemic congestion are second- 
ary to severe obstruction to blood flow or to 
myocardial insufficiency. Cournand and _ his 
group recently stressed the need for further 
study of this problem.'* A clinical course char- 
acterized by few symptoms and little disability, 
interrupted periodically by acute episodes of 
symptoms of congestion, especially in the 
elderly patient, suggests that there is episodic 
failure of the myocardium. An unusually large 
heart, not explained on the basis of coexistent 
mitral insufficiency or aortic disease, suggests 
poor ventricular muscle. Right heart catheteri- 
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zation may give support to the suspicion o 
prominent myocardial disease when pulmonary 
hypertension is absent or mild and when th 
arteriovenous oxygen difference is very wide 
(i.e., the cardiac output very low). Since th 
left ventricular diastolic pressure can be meas 
ured by left-sided cardiac catheterization, : 
direct method of testing left ventricular com 
petence is now available. To what extent it wil 
be possible by such technics to apportion symp 
toms between valvular lesions and myocardia!| 
weakness remains to be seen, but the approach 
promises to be fruitful. 


Associated Aortic Valvular Disease 


Evidence of aortic valve deformity without 
significant physiologic effect does not alter the 
risk and prognosis of mitral valvuloplasty. 
Significant aortic stenosis requires an elevated 
left ventricular systolic pressure and increased 
left ventricular work. In such a situation cor- 
rection of mitral stenosis alone is improper as 
the operative risk is increased, the benefit to be 
expected is uncertain, and the danger of signifi- 
cant postoperative mitral insufficiency quite 
real. The clinical problem lies in the interpreta- 
tion of the signs of aortic stenosis. This will be 
discussed later. Significant aortic stenosis per 
se indicates direct surgical attack just as mitral 
stenosis does. If both are significant, they can 
be corrected simultaneously. Significant aortic 
insufficiency, generally manifested by a lowered 
diastolic blood pressure and a dilated left 
ventricle with increased amplitude of pulsa- 
tions, contraindicates mitral valvuloplasty, but 
does not commonly accompany pure severe 
mitral stenosis. The diastolic murmur heard so 
frequently along the left sternal border in 
patients with mitral stenosis is often due to 
pulmonic rather than aortic insufficiency. 


Associated Tricuspid Valvular Disease 


Functional tricuspid insufficiency, especially 
in association with atrial fibrillation, is quite 
frequent in patients with mitral stenosis.” 
Organic tricuspid disease is fairly rare. Tri- 
cuspid stenosis does occur and its recognition 
is important since it is an operable lesion.'’ 
Functional tricuspid insufficiency is no contra- 
indication to mitral valvuloplasty. It is likely 
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o improve after successful correction of 
stenosis. Organic tricuspid insufficiency also is 
ikely to improve after mitral valvuloplasty 
reduces right ventricular systolic pressure. 
Finally, relative tricuspid stenosis resulting 
from asymptomatic asymmetric commissural 
fusion and tight bowstring orifice occlusion by 
atrial enlargement may disappear after pulmo- 
nary hypertension is relieved. 


Associated Pulmonary Disease 


Patients with severe pulmonary vascular 
disease have shown marked postoperative im- 
provement and those with the highest pulmo- 
nary arterial pressure often benefit most. Pulmo- 
nary hypertension has fallen more rapidly than 
the vascular changes could be expected to sub- 
side. This leads to the hypothesis that pulmo- 
nary hypertension may be in part functional. 

Significant independent pulmonary disease 
may affect risk and prognosis. Pulmonary 
emphysema increases operative risk and favors 
residual postoperative cardiopulmonary symp- 
toms. Pleural disease may decrease pulmonary 
reserve and cause early postoperative diffi- 
culties. Tests of ventilatory function and oc- 
casionally bronchospirometry may be helpful in 
such problems. Prominent cough and sputum, 
clubbing of fingers, and polycythemia are find- 
ings that should lead to a search for pulmonary 
disease. An approach through the right chest 
has been described’ and might be considered 
when there is diminished function of the right 
lung, and left thoracotomy could be most 
dangerous. Such an awkward approach, how- 
ever, must be weighed against the significantly 
poorer quality of valvular surgery per se. Direct 
surgery requires the surgeon’s best effort and 
any handicap should be, gravely considered be- 
fore acceptance. 


Subacute Bacterial Endocarditis 


This condition like thyrotoxicosis and acute 
rheumatic activity should arrest the attention 
of the careful clinician but, once reasonably 
excluded, should not constitute a basis for 
procrastination. Prompt blood cultures should 
be taken. If positive, surgery is deferred until 
the condition is controlled. 


Pregnancy 


Most women with the murmur of mitral 
stenosis can go through pregnancy without 
difficulty. Patients with mild symptoms often 
tolerate pregnancy if carefully managed. It is 
seldom necessary to add the hazard of an oper- 
ation at the time of pregnancy. Moreover, 
women with or without heart disease often re- 
tain fluid, complain of dyspnea, and present 
other symptoms that make it very difficult to 
determine the extent of actual cardiac embar- 
‘assment. Murmurs and other objective cardiac 
signs are frequently difficult to evaluate during 
pregnancy. There are, however, patients with 
pure mitral stenosis who would have been 
classified in group III or IV prior to pregnancy, 
patients for whom valvuloplasty would have 
been clearly indicated. If such patients come 
under observation for the first time during the 
first trimester of pregnancy, a mitral operation 
‘an be done with little more risk than would 
obtain in the nonpregnant state and probably 
less than for the alternative courses of action: 
either interruption of pregnancy and then 
valvuloplasty, or continuation of pregnancy 
under medical management and then a later 
valvuloplasty. From the fourth to the eighth 
month the added risk of valvuloplasty during 
pregnancy is very real and a decision as to the 
course of action must depend on weighing all 
factors. After the eighth month even patients in 
congestive failure should not be operated upon 
if it can possibly be avoided, since the burden 
of pregnancy becomes less during the final 
month. 


Refusion 


It has been increasingly apparent that the 
quality of a valvuloplasty as performed by the 
surgeon is of paramount importance in de- 
termining long-term results. Many of the poor 
results and regressions are due to inadequate 
operations rather than refusion of the valve. 
Our follow-up statistics as well as those reported 
by others suggest that this does not occur 
commonly, at least in the first 5 years. However, 
there is little doubt that it does occur occasion- 
ally and as the years of follow-up observation 
lengthen, will be seen more frequently. After 
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all we do not know what are the factors and 
mechanisms that led to the development of 
tight mitral stenosis in the first place, usually 
years after the initial rheumatic infection. 
Such mechanisms may still be operative in 
many patients after mitral valvuloplasty. 


AORTIC STENOSIS 


This lesion presents a problem of a different 
order. Aortic stenosis calls for compensation by 
left ventricular hypertrophy and patients with 
the disease may remain asymptomatic for 
many years, often into old age. By the time 
symptoms appear, the valve is likely to be quite 
fixed, calcified, and associated with myocardial 
fibrosis. Coronary artery disease may have de- 
veloped. Symptoms usually indicate a break- 
down of compensatory mechanisms and herald 
a rapid, worsening course. The surgical ap- 
proach, whether transventricular or transaortic, 
is more difficult and more dangerous than the 
approach to the mitral valve. This disease oc- 
curs most often in males, becomes symptomatic 
late in its course, usually in mature or later 
life, and generally carries a poor medical prog- 
nosis once symptomatic.”°:*! If this is taken 
into account, the operative mortality of about 
20 to 25 per cent for the transventricular 
approach and 10 to 15 per cent for the newer 
and preferred transortic approach does not 
appear prohibitive. 


Diagnosis of Aortic Stenosis 


A clinical diagnosis of dynamically signifi- 
‘ant aortic stenosis may be made with confi- 
dence when there is a harsh, often musical 
systolic aortic murmur, accompanied by a 
thrill, a decreased or absent second aortic 
sound, a small pulse, a narrow pulse pressure, 
and when the electrocardiogram shows left 
ventricular hypertrophy, and calcification of 
the aortic valve can be demonstrated roent- 
genologically. Were one to require all these 
features, many significant aortic 
stenosis would be missed. In general, in aortic 
stenosis any | or 2 of these criteria may be 
absent, but if 3 or more are absent, severe 
aortic stenosis is unlikely. It must be remem- 
bered that the murmur of aortic stenosis may 
be loudest at the apex or even confined to this 
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area. Its harshness and musical quality often 
indicate its origin. 

It was formerly believed that the direct 
arterial pressure tracing with prolongation of 
the systolic upstroke and an anacrotic notch 
would be a useful adjunct in the diagnosis of 
hemodynamically significant aortic stenosis. 
Such tracings, indeed, constitute confirmatory 
evidence of the presence of aortic stenosis, but 
not only do not distinguish between mild and 
severe obstruction at the aortic valve, but may 
be seen in the absence of any obstruction at the 
valve.” Conversely, severe aortic stenosis may 
be occasionally associated with a normal 
arterial pressure tracing. The presence of aortic 
stenosis is best documented by demonstrating 
a systolic pressure gradient across the aortic 
valve. When obstruction is significant, ven- 
tricular pressure exceeds aortic pressure during 
systole. Since the magnitude of the systolic 
pressure gradient across the valve is a function 
of both valve size and valve flow, the degree 
of aortic stenosis can be determined only if the 
pressure gradient and cardiac output are 
measured simultaneously. As with mitral 
stenosis, catheterization of the left heart is 
necessary to this end (fig. 5). 

Right heart catheterization is of little more 
than academic interest in the diagnosis of 
aortic stenosis, but it may have some value in 
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Fig. 5. Catheterization of the left heart in aortic 
stenosis. The pressure tracings obtained from the 
left ventricle, aorta, and brachial artery of a patient 
with calcific aortic stenosis have been redrawn and 
superimposed. The mean systolic pressure in the left 
ventricle, obtained by graphic integration, was 128 
mm. Hg, and the mean systolic pressures in the cen- 
tral aorta and the brachial artery were identical at 
68 mm. Hg. Thus the mean systolic aortic pressure 
gradient was 60 mm. Hg. The cardiac output deter- 
mined by simultaneous catheterization of the right 
heart was 5.9 L./min. The calculated" systolic aortic 
valve area was 0.9 em.? Digital examination at sub- 
sequent valvulotomy (Dr. G. W. B. Starkey) revealed 
severe aortic stenosis. 
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the detection of coexistent cardiac and pul- 
monary disease. 


Clinical Course and Prognosis 


Conclusions based on retrospective reviews 
of anatomically proved cases of aortic stenosis° 
have limited applicability but, in general, agree 
with follow-up studies of patients encountered 
in the clinic.*! While some patients with calcific 
aortic stenosis remain fully active and asymp- 
tomatic into advanced age, death often follows 
the onset of symptoms within months or very 
few years. Moreover, a significant number of 
patients with aortic stenosis die suddenly 
without the warning of symptoms, or without 
progression of symptoms. While angina pectoris 
or syncope may be present for several years, 
congestive heart failure is a late event and 
carries a poor prognosis. Atrial fibrillation is 
uncommon before the late stage of decompensa- 
tion. Patients under 60 years of age with severe 
aortic stenosis and disabling symptoms have 
followed an especially malignant course in our 
experience. 


Operative and Postoperative Prognosis 


The early transventricular approach to the 
aortic valve had an immediate operative 
mortality of at least 20 per cent.” Ventricular 
fibrillation and hemorrhage were the chief 
difficulties. The procedure was blind, rapid, 
and uncontrolled. It carried the danger of 
producing free aortic insufficiency. The current 
transaortic route: ?> permits digital explora- 
tion of the valve. Often the valve fracture 
itself can be carried out by the finger. This 
technic has reduced the operative mortality to 
the order of 10 per cent, but the danger of 
inducing aortic insufficiency has not been 
eliminated. However, combinations of stenosis 
and insufficiency have been operated upon, 
where leaflet mobilization reduced both ob- 
struction and reflux. 

Too few cases have been followed long 
enough to permit any definite statement as to 
long-range operative benefits. However, strik- 
ing symptomatic improvement, reduction in 
disability, and rehabilitation have followed 
aortic valve surgery. Left heart catheterization 
before and after operation has demonstrated 


Ore 


that the functional aortic valve area can be 
increased. How often this can be achieved, and 
to what extent the long-range prognosis of 
aortic stenosis can be improved by operation 
must be established by further study. It already 
seems clear, however, that the intrinsic patho- 
logie process will limit perfect surgery and be 
responsible for some poor results. This proper 
palliative surgery will eventually be supplanted 
by valve replacement. This hope for the future 
will not, however, be in the life time of patients 
who now have symptoms from aortic stenosis. 


Coronary Disease and Myocardial Damage 


The presence of coronary atherosclerosis or 
myocardial infarction increases the operative 
risk and reduces the degree of postoperative 
improvement. As such, coronary artery disease 
is a relative contraindication to operation. The 
incidence of coronary disease in the older 
patients with aortic stenosis is appreciable, 
but the diagnosis is difficult. Coronary athero- 
sclerosis in combination with calcification of 
the aortic valve but with mild or no stenosis 
may mimic severe aortic stenosis. Occasionally 
coronary calcification may be visible radiologi- 
cally. An old myocardial infarct may be demon- 
strable by electrocardiogram, vectorcardiogram 
or even radiologically. As a rule it is difficult 
to rule out coronary disease, and the severity 
of aortic stenosis has to be assessed by cathe- 
terization of the left heart. Some degree of 
myocardial fibrosis is present in most patients 
with severe aortic stenosis and does not contra- 
indicate operation. A poor myocardium with 
limited blood supply should be able to function 
better without an aortic block. 


Aortic Insufficiency 


Significant aortic insufficiency represents a 
contraindication to operation for aortic steno- 
sis, since regurgitation may be increased. The 
early diastolic murmur of aortic insufficiency 
often accompanies aortic stenosis and does not 
necessarily indicate the presence of significant 
aortic reflux. Mild insufficiency is no contra- 
indication to operation if aortic stenosis is 
severe. When a wide pulse pressure and a 
diastolic pressure below 50 mm. Hg are associ- 
ated with the murmur of aortic insufficiency, 
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aortic regurgitation is probably significant. 
It must be kept in mind that peripheral vaso- 
dilatation may simulate aortic insufficiency, 
and vasoconstriction, while actually increasing 
regurgitation, may decrease the peripheral 
signs. Direct arterial pressure tracings give 
more accurate information about the absolute 
level of diastolic and pulse pressures, but do 
not permit quantitation of aortic regurgita- 
tion. When left heart catheterization demon- 
strates only a slight systolic pressure gradient 
across the aortic valve in the presence of signs 
of stenosis and insufficiency, the latter lesion 
probably predominates and the operation for 
stenosis is contraindicated. In the presence of 
aortic insufficiency, standard aortic valve 
formulas overestimate the severity of aortic 
stenosis, since the increased forward aortic 
valve flow (cardiac output plus regurgitant 
flow) necessitates a larger systolic pressure 
gradient across the valve. Thus a method to 
measure total aortic valve flow is needed before 
the relative degrees of aortic stenosis and 
aortic insufficiency can be quantitatively 
assessed by left heart catheterization. 
Other Valvular Disease 

When mitral stenosis and aortic stenosis co- 
exist and both are hemodynamically severe, 
the 2 conditions must be corrected at the same 
operation. Mitral insufficiency increases opera- 
tive risk but does not contraindicate an 
operation for aortic stenosis. Such mitral in- 
competence may be improved after ventricular 
systolic pressure falls. 
Other Factors 

Bacterial endocarditis, acute rheumatic 
fever, and severe congestive heart failure re- 
sistant to treatment represent contraindications 
to surgery. Rheumatic activity is less of a 
problem in the older age group. Since aortic 
stenosis is seen mainly in men of middle age 
and older, chronic bronchitis and pulmonary 
emphysema coexist not infrequently and should 
be evaluated. Functionally significant pul- 
monary emphysema increases operative risk 
and affects postoperative prognosis adversely. 
It may even constitute a contraindication to 
operation. 
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Summary of the Indications for Operation for 
Aortic Stenosis 


When a patient with clinically pure aortic 
stenosis and with no contraindications shows 
progressive disabling cardiovascular symptoms, 
catheterization of the left heart should be 
performed to determine the degree of aortic 
stenosis. If stenosis is severe, operation should 
be recommended. Contraindications include 
coronary atherosclerosis, myocardial infare- 
tion, severe aortic regurgitation, rheumatic 
activity, bacterial endocarditis, and intractable 
congestive heart failure. 

Patients with significant aortic stenosis and 
stationary cardiac symptoms may be con- 
sidered for operation, provided severe aortic 
stenosis can be demonstrated hemody- 
namically. 

Patients with asymptomatic severe aortic 
stenosis may eventually prove to be the best 
surgical group, but should not be considered for 
operative treatment until more is known about 
the long-range effects of aortic valvulotomy. 
In all probability the limitations of the calcific 
pathologic process itself will continue to make 
such “early surgery”? improper until valve 
replacement is possible. 
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ATHEROSCLEROSIS 


Hanig, M., Shainoff, J. R., and Lowy, A. D., Jr.: 
Flotational Lipoproteins Extracted from Human 
Atherosclerotic Aortas. Science 124: 176 (July 
27), 1956. 

In this study, lipoproteins were extracted from 
human atherosclerotic aortas. The material was ex- 
tracted from the intima and, when suitably prepared, 
was thereafter treated exactly as the lipoprotein 
flotational preparations and analyzed in the usual 
manner. The observations indicate an almost per- 
fect correlation among the plaques, the presence of a 
cardiovascular death, and the presence of the S¢ 
12-100 fractions in aortas. The most prominent 
lipoprotein fraction occurring in serum, the S¢ 0-12 
fraction was absent in these aortic extracts, regard- 
less of the presence or absence of plaques. This 
would imply that the S¢ 0-12 fraction is unassoci- 
ated with atherosclerotic activity and is a normal 
component of serum. On the other hand, the S- 12- 
100 fraction is always present in substantial amounts 
in aortas that show atherosclerosis. The presence of 
plaques and the S¢ 12-100 fraction in the aorta ap- 
peared in 10 of 11 cardiovascular deaths. Even 
among noncardiovascular deaths, when plaques 
were present, substantial concentrations of this 
S- 12-100 fraction were present, but the fraction 
was absent when the plaques were not found. 

WAIFE 


Weens, H. S., and Marin, C. A.: Infantile Arterio- 

sclerosis. Radiology 67: 168 (Aug.), 1956. 

The authors describe 2 infants 25 days and 16 
months of age respectively with extensive arterio- 
sclerotic lesions involving the medium and small 
arteries of many viscera, including the heart. Char- 
acteristic is the fragmentation of the internal elastic 
membrane, intimal and medial calcification and 


Abstracters 





ALFRED Pick, M.D., Chicago 
Seymour H. Rinzier, M.D., New York 
Francis F. Rosenspaum, M.D., Milwaukee 
Exuior L. Sagat, M.D., Boston 

Davin Scuerr, M.D., New York 

JoHn B. ScHwEDEL, M.D., New York 
Cuares R. SHuman, M.D., Philadelphia 
FRANKLIN Simon, M.D., Newark 

Louis A. Sotorr, M.D., Philadelphia 

8S. O. Waire, M.D., Indianapolis 

RicHarp WEcHSLER, M.D., Pittsburgh 
Martin WeENpDKOs, M.D., Philadelphia 








fibroblastic intimal proliferation to the point of 
vascular occlusion. No intimal lipid deposition was 
found. Etiologic factors considered were renal 
disease, hyperparathyroidism, and vitamin D_ in- 
toxication, and progeria, but these entities were 
absent in the 2 cases presented here. 

Roentgenologic technics may demonstrate intimal 
and medial calcification, particularly applicable to 
visualization of opacified arteries in the extremities. 
SCHWEDEL 


Parsons, W. B., Jr., Achor, R. W. P., Berge, K. G., 
McKenzie, B. F., and Barker, N. W.: Changes in 
Concentration of Blood Lipids Following Admin- 
istration of Large Doses of Nicotinic Acid to 
Persons with Hypercholesterolemia: Preliminary 
Observations. Proc. Staff Meet., Mayo Clin. 31: 
391 (June), 1956. 

Administration of large doses of nicotinic acid to 
patients with hypercholesterolemia and an ab- 
normally high ratio of beta-lipoprotein cholesterol to 
alpha-lipoprotein cholesterol (beta/alpha ratio) 
caused the pattern of the blood lipids to change 
toward normal in the majority of patients. The 
plasma cholesterol decreased significantly in 9 of 13 
patients observed for 12 weeks and in 3 of 5 other 
patients observed for 4 weeks. The beta/alpha ratio 
was reduced in 11 of 13 patients observed for 12 
weeks and in 4 of 5 patients observed for 4 weeks. 
The concentration of total lipids in the plasma was 
reduced in most of the patients but to a lesser degree 
than was the concentration of cholesterol. 

Side reactions, consisting of flushing and pruritus, 
tended to diminish rapidly after the first few days of 
treatment. Urticaria, nausea, and vomiting, which 
were observed in a few patients, subsided when the 
drug was withheld temporarily and did not recur 
when administration was resumed. 

SIMON 
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Miasnikov, A. L.: Effect of Some Neurotropic Drugs 
on Blood Cholesterol in Persons with Athero- 
sclerosis. Klin. med. 87/6: 65 (June), 1956. 
In all of 79 persons with atherosclerosis and 17 

vith duodenal ulcers, chloral hydrate or amytal 

odium in hypnotic doses caused decrease of serum 
holesterol averaging 33 and 25 mg. per cent re- 
pectively, while phenamine or caffeine caused 
levation averaging 25 and 26 mg. per cent re- 
pectively. Free and ester cholesterol were equally 

iffected. The lecithin concentration, determined in a 

smaller group, showed a smaller and less constant 

vise after both phenamine and amytal sodium. 
LEPESCHKIN 


Kritchevsky, D., Moyer, A. W., Tesar, W. C., Mc- 
Candless, R. F. J., Logan, J. B., Brown, R. A., and 
Englert, M.: The Effect of Sodium 2-Phenyl- 
butyrate in Experimental Atherosclerosis. An- 
giology 7: 156 (Apr.), 1956. 

The hypocholesterolemic action of sodium 2- 
phenylbutyrate was investigated in a series of 
normal rabbits in which the drug was added to the 
diet. On the basis of control studies, it was found 
that the drug had lowered the serum cholesterol 
levels. Atheromatous lesions, however, were not 
significantly reduced in the aorta. The use of this 
agent was complicated by the occurrence of hemor- 
rhagic kidneys in several treated animals. 

WESSLER 


Altschul, R.: Influence of Nicotinic Acid on Blood 
Cholesterol and Experimental Atherosclerosis. 
Ztschr. Kreislaufforsch. 45: 573 (aug.), 1956. 
Relatively high doses of nicotinic acid seem to 

cause a decrease of serum cholesterol in human 

beings and in rabbits. When nicotinic acid was given 
rabbits together with cholesterol for 3 months, the 
development of atherosclerosis was inhibited or 
completely prevented in most of the animals. 
LEPESCHKIN 


Piper, J., and Orrlid, L.: Essential Familial Hyper- 
cholesterolemia and Xanthomatosis. Follow-up 
Study of Twelve Danish Families. Am. J. Med. 
21: 34 (July), 1956. 

The authors present a follow-up study of 50 per- 
sons with essential familial hypercholesterolemia, 
representing 12 families previously studied from 


1941 to 1943. Hypercholesterolemia without 
xanthomatosis was the rule in children and young 
adults; hypercholesterolemia with xanthomatosis 
in older adults. In each individual xanthomatosis 
had a tendency to progress. Regression of the lesion 
was exceptional. Hypercholesterolemia was present 
from childhood. The serum cholesterol increased 
steadily from childhood until the fifth decade, 
after which it seemed to decrease. This corresponds 
with the findings in normocholesterolemic persons. 
Essential familial hypercholesterolemia was trans- 


mitted as a dominant. The occurrence of xanthomas 
was not conditioned by homozygous heredity but 
depended largely upon the level of serum cholesterol. 
Angina pectoris was common and coronary occlusion 
was the most common cause of sudden death, often 
at a relatively early age. 

Harris 


Sachs, B. A., and Weston, R. E.: Sitosterol Ad- 
ministration in Normal and Hypercholesteremic 
Subjects. Arch. Int. Med. 97: 738 (June), 1956. 
The effect of an orally administered mixture of 

g- and dihydro-s-sitosterols on the serum lipids of 

human subjects was investigated. Nine studies, 

including double-blindfold experiments on 5 normal 
subjects revealed an average mean fall of 13.0 per 
cent and an average maximal fall of 20.9 per cent 
in serum cholesterol level during sitosterol therapy. 

One subject with xanthomatosis exhibited a mean 

fall of 20.3 per cent and a maximal fall of 31.5 per 

cent in serum cholesterol. Although her choles- 
terol level did not decrease to normal values, her 

S¢ 10-30 lipoprotein fraction did. The xanthomata 

stopped growing during sitosterol therapy but again 

grew rapidly when sitosterol was discontinued. 

When sitosterol was administered, there was a rise 

in bile cholesterol concentration of a subject with 

biliary cirrhosis and a bile fistula. The significance 
of this observation cannot be evaluated, because the 
spontaneous fluctuations in bile cholesterol over 
prolonged periods of time are not known. 

Subjects failing to take sitosterol immediately 
prior to eating did not exhibit sustained reductions 
in serum cholesterol levels. In some patients with 
disorders of lipid metabolism, a rise in serum choles- 
terol levels was noted during sitosterol adminis- 
tration. It is suggested that in these subjects either 
decreased absorption of cholesterol may stimulate 
increased endogenous production or small amounts 
of sitosterol may be absorbed, poorly removed from 
the circulation, and spuriously analyzed as choles- 
terol in the serum. 

BERNSTEIN 


Martt, J. M., and Connor, W. E.: Idiopathic Hyper- 
lipemia Associated with Coronary Atherosclerosis. 
Arch. Int. Med. 97: 492 (April), 1956. 

A case is presented of idiopathic hyperlipemia 
with severe coronary atherosclerosis, coronary oc- 
clusion, and myocardial infarction demonstrated at 
autopsy. Although idiopathic hyperlipemia is 
recognized to be associated with clinical coronary 
artery disease, this is the first recorded case of idio- 
pathic hyperlipemia with postmortem evidence of 
coronary aterhosclerosis. The vitamin-A-tolerance 
test revealed a marked decrease in tolerance, with 
extremely high levels of serum vitamin A at 5 hours, 
supporting the prevailing concept of the pathologic 
physiology of this entity, i.e., an impaired or delayed 
clearance of dietary fats from the serum. The treat- 
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ment of this disease consists of a low-fat diet, which 
often results in prompt alleviation of symptoms of 
angina pectoris and abdominal pain often seen in 
these patients. Heparin given intramuscularly or 
intravenously may be helpful if dietary control is 
not effective. 

BERNSTEIN 


BLOOD COAGULATION AND 
THROMBOEMBOLISM 


Quick, A. J., and Hussey, C. V.: Hemophilia: 
Quantitative Studies of the Coagulation Defect. 
Arch. Int. Med. 97: 524 (May), 1956. 

A new test is described for the quantitative esti- 
mation of the thromboplastinogen concentration 
of the blood. It is based on the principle of the pro- 
thrombin-consumption procedure modified by the 
addition of an extract of hemolyzed erythrocytes 
and plasma from a severe hemophiliac. The method 
is sensitive to concentrations of thromboplastinogen 
less than 0.1 per cent of normal. 

In severe hemophilia only a trace of thrombo- 
plastinogen is present in the blood and, even at a 
level of 0.5 per cent, the bleeding tendency is 
severe. A fairly close relation between the concen- 
tration of thromboplastinogen, the clotting time, 
and the severity of the bleeding state exists. A 
transfusion of fresh blood or plasma can elevate 
the level of thromboplastinogen in a hemophiliac 
sufficiently to effect fairly normal, though tem- 
porary, hemostasis. Although the thromboplastino- 
gen disappears fairly rapidly from the blood, as 
much as 0.5 per cent or more often remains 24 hours 
after a single transfusion of 500 ml. of blood in an 
adult. 


BERNSTEIN 


Clatanoff, D. V., and Meyer, O. O.: Further Ob- 
servations on Use of Warfarin Sodium in Anti- 
coagulant Therapy. Arch. Int. Med. 97: 753 
(June), 1956. 

An interrupted schedule of administering main- 
tenance doses of warfarin sodium every third or 
fourth day has been tried and appears not to be 
satisfactory in view of the wide fluctuation of pro- 
thrombin levels. Administration of warfarin sodium 
guided by the daily prothrombin determination 
would seem to be the best method and, if a pattern 
is established, the prothrombin determinations can 
safely be reduced in frequency. Individual dosage 
requirements vary widely, but for the majority, 
aiter an initial dose of 75 mg., daily or every-other- 
day, doses of 12.5 mg. will satisfactorily maintain a 
proper hypoprothrombinemia. 

BERNSTEIN 


Shoshkes, M., and Perelman, A. J.: Vitamin K, in 


Treatment of Bishydroxycoumarin-Induced Hy- 
poprothrombinemia. J.A.M.A. 161: 1145 (July 
21), 1956. 


ABSTRACTS 


Prolonged anticoagulant therapy is presently 
part of the accepted treatment for certain illness: 
associated with actual or threatened thromhx 
embolic phenomena. The use of a variety of hyp: 
prothrombinemia-producing drugs still carries dai 
ger of unforeseen and uncontrollable hemorrhag: 
The use of 50 to 100 mg. doses of vitamin K, emu 
sion administered intravenously will reverse th 
elevated prothrombin time. The use of vitamin Kk 
intramuscularly is unpredictable. When the nee 
for this vitamin is urgent, as in excessive an 
dangerous drug-induced hypoprothrombinemia, i 
should always and only be injected intravenously 
KITCHELL 


Spaet, T. H., Bauer, S., and Melamed, S.: Hemor 
rhagic Thrombocythemia. A Blood Coagulatior 
Disorder. Arch. Int. Med. 98: 377 (Sept.), 1956. 
A ease of hemorrhagic thrombocythemia _ is 

reported. The patient had platelet counts reaching 
10,000,000 per cubic millimeter and presented a 
variety of hemorrhagic manifestations. Undiluted, 
the platelets showed anticoagulant activity in the 
thromboplastin generation test but failed to show 
this activity when diluted to normal levels. Normal 
platelets showed similar anticoagulant properties 
when concentrated to thrombocythemic concentra- 
tions. It is suggested that the fundamental defect in 
hemorrhagic thrombocythemia is a coagulation 
disorder resulting from the anticoagulant effect. of 
excess platelets. 


BERNSTEIN 
CONGENITAL ANOMALIES 


Emanuel, R., and Pattinson, J. N.: Absence of the 
Left Pulmonary Artery in Fallot’s Tetralogy. 
Brit. Heart J. 18: 289 (May), 1956. 

The authors report 2 cases of Fallot’s tetralogy 
with absent left pulmonary artery. Seventeen similar 
cases were found in the literature. The right pul- 
monary artery was absent in 1 patient with Fallot’s 
tetralogy and dextrocardia. A right-sided aortic 
arch was found in 60 per cent of these 21 cases 
compared to 20 per cent in the ordinary type of 
‘allot’s tetralogy. 

In contrast, in 17 of 19 cases with 1 pulmonary 
artery and normal development of the bulbus 
cordis, the right was the absent one. 

These findings are best explained by Bremer’s 
theory of the asymmetric development of the pul- 
monary arteries. 


SOLOFF 


Gresham, G. A.: Premature Obliteration of the 
Foramen Ovale. Brit. Heart J. 18: 296 (May), 
1956. 

The author reports a case of premature closure 
of the foramen ovale in a cyanotic and dyspneic 
infant who died 3 hours after birth. Eight other 
vases were found in the literature. 
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All 9 cases had progressive cyanosis leading to 
leath. Microscopically, fibroelastosis of the left 
ventricular endocardium was found. These constant 
findings support the view that anoxia of the ventricu- 
lar endocardium plays a part in the production of 
fibroelastosis. 

SOLOFF 


Bing, R. J.: Homeostatic Aspects of Congenital 
Heart Disease. Bull. St. Francis Hosp. and 
Sanatorium 138: 1 (Jan—Apr.), 1956. 

The author discusses some of the homeostatic 
mechanisms that come into play in congenital heart 
disease. Obstruction of blood flow and the shunt are 
the primary causes of disturbance in internal en- 
vironment. The physiologic alterations in congenital 
heart disease can be divided into (a) disturbances in 
pressure and flow, and (b) disturbances resulting 
from the diminution of partial pressure of oxygen 
in arterial blood. In congenital heart disease the 
gradient between the pO» of inspired air and pO: 
of alveolar air is diminished because of hyperventila- 
tion. In the presence of a right to left intracardiac 
shunt there is a large drop between the oxygen 
tension of the alveolar and arterial pO. which obvi- 
ates the effect of hyperventilation. The reduction in 
the final gradient in pO. from arterial to capillary 
blood can be due to 3 causes: the shape of the dis- 
sociation curve, the increase in cardiac output, and 
increase in the number of red cells. In congenital 
heart disease with cyanosis, the dissociation curve 
is the main factor in the dimivution of the third or 
final gradient. 

Under ordinary conditions hyperventilation 
produces either compensated or uncompensated 
‘arbon dioxide deficit, depending upon the severity 
and duration of the hyperventilation. If the carbon 
dioxide tension decreases proportional to the alkali 
reserve, the pH value of the blood remains constant. 
This occurs in the cyanotic type of congenital heart 
disease. There is a significant reduction in total 
‘arbon dioxide of blood; the pH remains within 
normal range. Consequently the reduction in alkali 
reserve must have been accompanied by decrease 
in the partial pressure of carbon dioxide. Patients 
with congenital heart disease generally have low 
alkaline reserve. An increase in the red cells and 
the hemoglobin of blood is constant in the cyanotic 
type of congenital heart disease. In all likelihood a 
humoral substance is released that produces in- 
creased erythropoiesis. Hypochromia due to defec- 
tive iron assimilation is a common feature of con- 
genital cyanotic heart disease. In addition to the 
physiochemical adjustment to anoxia there are also 
circulatory regulatory mechanisms in the cyanotic 
congenital heart disease. These include the develop- 
ment of collateral circulation to the lung and postural 
effects that can increase the arterial oxygen satura- 
tion. 

HAaRrRIs 


Seppals, T., Heikel, P. E., Kyllonen, K. E. J., and 
Sipila, W.: Pulmonary Atresia in Tetralogy of 
Fallot. Ztschr. Kreislaufforsch. 45: 409 (June), 
1956. 

Angiocardiography in a 4-year-old girl showed 
complete atresia of the left main branch of the pul- 
monary artery and stenosis of the right branch, 
while in a 21-year-old woman it showed complete 
atresia of the main trunk and of the right main 
branch, with persistence of the ductus arteriosus. 
In such cases temporary clamping of one of the 
branches during the Blalock-Taussig operation may 
be very dangerous. 

LEPESCHKIN 


Flehmig, R.-W., and Priess, H.: Differential Diag- 
nosis of Dextracardia. Ztschr. Kreislaufforsch. 
45: 272 (Apr.), 1956. 

While cases of mirror-image dextrocardia show 
complete inversion of all waves in lead I, those of 
dextroposition about a sagittal axis show normal P 
and QRS in lead I. The 2 cases described here 
showed normal precordial leads, but the transition 
zone was displaced to V;—V2 or V2-V3; 1 case showed 
transient inversion of T in lead I during an acute 
abdominal inflammation. In a case of dextroversion 
about a vertical axis, which is always congenital, P 
was upright in lead I but deep Q waves and inverted 
T waves were present in leads I and II; rS was 
present in V;,, Rs in Vy, and qR in V3, through 
V.. The x-ray showed the aorta to be on the left 
side, the heart completely on the right side. 

LEPESCHKIN 


Mahaim, C., and Rivier, J. L.: Diagnostic Possi- 
bilities of Ebstein’s Disease. Cardiologia 29: 81 
(Fase. 2), 1956. 

Following review of the literature and description 
of a personal observation, anatomic, clinical, and 
diagnostic features of Ebstein’s disease are dis- 
cussed. It is defined as a malformation of the 
tricuspid valve, the insertion of which is displaced 
toward the apex of the heart. In most cases this is 
associated with patency of the foramen ovale and 
pronounced dilatation of the right heart. The con- 
dition is not particularly rare and often well toler- 
ated (cases surviving to 60 years and more have been 
reported). The main danger consists in a hyper- 
excitability of the myocardium, which can result in 
sudden cardiac death. For this reason catheterization 
is dangerous and should be avoided, particularly 
since the diagnosis can be made without difficulty on 
clinical grounds. Presenting clinical signs are 
cyanosis, dyspnea, and often right heart failure. 
On fluoroscopy, the heart is enlarged with feeble 
contractions and the lung fields are very translucent. 
The electrocardiogram shows in 90 per cent a right 
bundle-branch block; the P waves are often un- 
usually tall. Additional abnormalities found are a 
P-R_ prolongation and sometimes the Wolff- 
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Parkinson-White syndrome. Angiocardiography re- 
veals dilatation of the right heart chambers, the 
presence of an interatrial communication, slow 
emptying of the right ventricle, and poor opacifica- 
tion of the pulmonary arteries, and sometimes 
segmentation of the right ventricular shadow. An 
attempt at surgical correction is dangerous and, in 
the opinion of the authors, contraindicated. 
Pick 


Downing, D. F., and Goldberg, H.: Cardiac Septal 
Defects II. Atrial Septal Defect. Analysis of One 
Hundred Cases Studied During Life. Dis. Chest 
29: 492 (May), 1956. 

One hundred consecutive patients in whom an 
atrial septal defect was demonstrated and who were 
studied by right heart catheterization were an- 
alyzed. The malformation produced symptoms in the 
majority of patients. Cardiac failure was common, 
and the authors were convinced that one reason 
for the oft-repeated view that atrial septal defect is 
commonly complicated by pneumonia is the im- 
proper interpretation of signs of heart failure. The 
most characteristic roentgen feature was the 
presence of marked dilatation of the left and right 
branches of the main pulmonary artery. This was 
seen much less frequently in other lesions allowing a 
left to right shunt. The electrocardiogram showed 
evidence of right ventricular hypertrophy in the 
majority. Right bundle-branch block was less than 
half as common. Although pulmonary hypertension 
was found very frequently, the pressure tended to be 
lower than in ventricular septal defects. The left-to- 
right shunt, on the other hand, tended to be greater. 
The mechanism of development in both atrial and 
ventricular septal defects of pulmonary hypertension 
is the same. However, initial and potential flow 
through a defect in the interventricular septum is 
greater than that through one of similar size in the 
atrial septum. The stimulus to pulmonary vascular 
changes is greater and the necessity more acute in the 
former. 

There are no characteristic historical or physical 
findings. Although right bundle-branch block and 
marked dilatation of the primary branches of the 
pulmonary artery in a patient with a systolic mur- 
mur at the base allows one to be very suspicious of 
the presence of an atrial septal defect, the diagnosis 
depends upon cardiac catheterization. 

Patients may be divided into 5 classes so far as the 
desirability of surgical closure is concerned. The 
magnitude and direction of shunt through the 
defect and the height of pulmonary pressure are the 
basic considerations. Defects in the septum just 
above the atrioventricular valves are extremely 
difficult to close if there is not at least a small rim of 
septal tissue in the area; and the attempt is ex- 
tremely hazardous because of the possibility of in- 
juring conduction tissue or of destroying the 
integrity of either of the atrioventricular valves 


ABSTRACTS 


which lie so close. Unfortunately, at the present tim: 
only surgical exploration allows diagnosis of th 
anatomic conditions, and whether or not surgica 
correction can be attempted. 

MAXWELL 


Pratan, J., and Gehmacher, K.: The Periphera 
Rheogram in Congenital Heart Disease. Ztsch 
Kreislaufforsch. 45: 265, (Apr.), 1956. 
Observations in 45 cases show that in persistent 

ductus the beginning of the pulse wave in th 

electric plethysmogram is earlier, the entire duration 
is shorter, and secondary waves are less pronounced 

In coarctation of the aorta the curves in the lowe: 

extremities begin later and become more similar to 

sinusoidal oscillations. The later appearance of the 
apex in Fallot’s tetralogy can be explained by a dif- 
ferent course of aortic ramifications. The changes in 
other types of congenital disease are less constant. 
LEPESCHKIN 


Bar, C. G.: The Electrocardiogram in Hypertension. 
Observations in Coarctation of the Aorta. Ztschr. 
Kreislaufforsch. 45: 259 (Apr.), 1956. 

Of 60 patients with coarctation submitted to 
operation, 17 had normal  electrocardiograms; 
among these were cases with systolic pressures ex- 
ceeding 200 mm. Some of these cases had high 
voltage in the precordial leads, which was present in 
atotal of 40 cases. Twenty-two patients showed low 
T and depressed S-T in left ventricular precordial 
leads and 12 also had incomplete right bundle- 
branch block; of these, only 3 showed increased 
right ventricular pressures. Four of the 6 cases with 
persistent ductus arteriosus had a right ventricular 
hypertrophy and strain pattern. After end-to-end 
anastomosis of the aorta the electrocardiographic 
changes disappeared completely in half the cases, 
and incompletely in the rest. The normalization was 
parallel to normalization of the blood pressure and 
took place at a time when the roentgenologically 
determined left ventricular hypertrophy and the 
high voltage were little changed. It is concluded that 
the left ventricular strain pattern is the result of 
functional rather than anatomic changes in the 
heart. 

LEPESCHKIN 


CORONARY ARTERY DISEASE 


Bakst, A. A., Maniglia, R., and Bailey, C. P.: The 
Physiologic Explanation of the Changes in the 
Coronary Circulation Following Prolonged Aor- 
tico-Coronary Sinus Anastomosis. J. Clin. Invest. 
35: 302 (March), 1956. 

In 2 groups of dogs, the coronary sinus was 
arterialized by a venous graft between the aorta and 
coronary sinus. With the graft open, the coronary- 
sinus pressure was within the range of the systemic 
circulation, and the coronary sinus blood was of high 
oxygen content. When the graft was occluded, both 
pressure and oxygen content reverted to those of the 
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normal coronary sinus. However, the authors were 
unable to demonstrate any retrograde perfusion of 
the myocardial capillary bed. After 6 months of 
aortico-coronary sinus arterilization, neither the 
quantity nor the oxygen content of the retrograde 
coronary arterial flow was affected by the presence 
or absence of a functioning sinus vein graft. The 
authors were unable to demonstrate any protective 
effect upon the myocardium against ventricular 
fibrillation following coronary arterial occlusion. 
WAIFE 


Merrill, J. M., Lemley-Stone, J., Grace, J. T. Jr., 
and Meneely, G. R.: Recent Clinical Experiences 
with Serum Aminopherase (Transaminase) De- 
terminations. J. A. M. A. 160: 1454 (April 28), 
1956. 

A significant rise in the serum aminopherase 
(transaminase) level after myocardial infarction has 
confirmed the earlier observations of other workers. 
Forms of heart disease unassociated with myocardial 
tissue damage have not demonstrated this rise. The 
authors, however, noted significant elevations above 
the normal controls (which ranged from 10 to 45 
units per milliliter of serum) with skeletal muscle 
necrosis, liver disease, and with infarction of the 
liver and other abdominal viscera. It is concluded, 
therefore, that elevations in serum aminopherase 
level are associated with cellular injury of various 


tissues and are not related specifically to myocardial 
damage. Because significant elevations in serum 
aminopherase level do occur in a variety of clinical 
conditions, the physician must interpret the results 
of this test in the light of the entire clinical picture. 
KircHELL 


Achor, R. W. P., Futch, W. D., Burchell, H. B., and 
Edwards, J. E.: The Fate of Patients Surviving 
Acute Myocardial Infarction. A Study of Clinical 
and Necropsy Data in Two Hundred Fifty 
Cases. Arch. Int. Med. 98: 162 (Aug.), 1956. 
Two hundred fifty hearts with gross myocardial 

sears indicative of healed infarction were selected 
from necropsies performed at the Mayo Clinic dur- 
ing the 5-year period 1946 through 1950 and studied 
with regard to the pathologic anatomy and its cor- 
relation with the clinical features. The cause of 
death was primarily of cardiac origin in nearly two 
thirds of the patients. There were 3 major types of 
cardiac death: death from congestive heart failure, 
death from recurrent acute myocardial infarction, 
and “sudden death” without congestive failure or 
acute infarction. The last-mentioned mechanism 
was the commonest of the 3 and was infrequently 
associated with recent coronary thrombosis. 

For the patients whose acute myocardial infare- 
tion was diagnosed clinically the average length of 
survival following recovery from the acute episode 
was 43 months. Only 24 per cent of these patients 


survived 5 years or more, and only 7 per cent sur- 
vived 10 years or longer. The period of highest 
mortality was within the first year after the acute 
illness. From the standpoint of cardiac morphology 
and clinical features the patients surviving 5 years or 
longer did not differ significantly from those of the 
entire series. Hence, it was concluded that the sub- 
sequent course of patients who had survived an 
episode of acute myocardial infarction could not be 
accurately predicted on the basis of morphologic or 
clinical findings. 
BERNSTEIN 


Lee, K. T., and Thomas, W. A.: Myocardial In- 
farction: Changing Sex Ratio and Other Factors. 
An Epidemiological Study of Acute Myocardial 
Infarction Based on the Experience of Barnes 
Hospital for Forty-Five Years. Arch. Int. Med. 
97: 421 (April), 1956. 

Data pertaining to some epidemiologic aspects of 
acute myocardial infarction were obtained from a 
survey of the autopsy and clinical records of Wash- 
ington University and Barnes Hospital, covering the 
period 1910-1954. The incidence of acute myocardial 
infarction was established in this large autopsy series 
(500 among 8183 adults) as a basis for comparison 
with other similar groups. The incidence of acute 
myocardial infarction has increased tremendously in 
all age groups in this autopsy series in the last 45 
years. The incidence is 20 times greater in the decade 
1945-1954 than in the decade 1910-1919. This in- 
crease is explained at least in part by the changing 
character of medical care and illustrates the neces- 
sity of taking into account the local customs regard- 
ing medical care in analyzing data from other parts 
of the world. However, the increase may reflect, in 
part, an actual increase in the incidence of the 
disease in the population and may be related to some 
changing factors in our civilization. 

The most remarkable observation made is that the 
incidence of acute myocardial infarction in the 2 
sexes differs only slightly when the proportion of 
men to women in the entire autopsy series is taken 
into consideration (1.2 males to 1 female). Even 
more remarkable is the observation that a change in 
this ratio occurred about 1940. For the period 1910- 
1939 the corresponding ratio was 2:1. For the period 
1940-1954 it was 1.1:1. The fact that there were 
more patients with acute myocardial infarction in 
the autopsy series after 1939 than prior to 1939 
accounts for the 1.2:1 ratio for the entire period 
1910-1954. The data obtained from this series sup- 
port previous observations indicating that the peak 
of incidence occurs later in women than in men. 
The incidence is proportionately higher in white 
persons than in Negroes in this series. Diabetes 
mellitus was much commoner among patients with 
acute myocardial infarction than it was in the general 
autopsy population. 

BERNSTEIN 
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Siegel, A., and Bing, R. J.: Plasma Enzyme Activity 
in Myocardial Infarction in Dog and Man. Proc. 
Soc. Exper. Biol. & Med. 91: 604 (April), 1956. 
In dogs after experimental myocardial infarction 

and in human beings suffering from coronary oc- 
clusion, the plasma levels of transaminase, aldolase, 
isomerase, and malic acid dehydrogenase are in- 
creased. The release of enzymes into the plasma was 
correlated with the extent of muscle necrosis. The 
additional observation in dogs of negative pyruvate 
balance (higher concentration of pyruvate in cor- 
onary sinus than in arterial blood) appeared to be an 
immediate response of hypoxic myocardium. 

AVIADO 


Sahagun, E., and Burns, R. O.: Perforation of the 
Interventricular Septum Following Acute Myo- 
cardial Infarction: A Report of Four Cases Diag- 
nosed Ante Mortem. Ann. Int. Med. 44: 657 
(April), 1956. 

In 4 fatal cases of acute myocardial infarction, 3 
of whom were autopsied, there developed during the 
early phase of the illness, a rough systolic precordial 
murmur. This was interpreted during life to indicate 
that a perforation of the interventricular septum 
had occurred. In the autopsied patients the diag- 
nosis was confirmed. No characteristic electro- 
cardiographic changes were noted that would have 
been helpful in substantiating the clinical diagnosis 
of septal rupture. 

WENDKOsS 


Volk, B. W., Losner, S., Aronson, S. M., And Lew, 
H.: Serum Aldolase Level in acute Myocardial 
Infarction. Am. J. M. Sci. 282: 38 (July), 1956. 
The glycolytic enzyme, aldolase, is found in both 

skeletal and cardiac muscle and may be expected to 

be increased in serum in myocardial infarction due to 
its release from damaged cells. To investigate this 
assumption, 22 dogs were subjected to coronary 
artery ligation and 8 patients with myocardial 
infarction were studied. Serum aldolase measure- 
ments were determined daily on the experimental 
animals and patients. In 12 dogs, the descending 
branch of the left coronary artery was ligated just 
below the bifurcation and in 10 dogs a low ligation 
was performed. There was a prompt rise of serum 
aldolase in the coronary-ligated dogs. A semiquanti- 
tative relationship was found between the areas of 
myocardial necrosis and the levels of serum aldolase 
in these 2 groups of animals. In patients with acute 
myocardial infarction a rise in serum aldolase was 
noted that approximated the severity of the clinical 
course. In 5 additional patients with coronary 
insufficiency there was no rise in serum aldolase. 

The simplicity of the procedure may recommend it 

as an additional tool for the diagnosis and evaluation 

of therapy and prognosis in patients with myocardial 
infarction. 





SHUMAN 
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Kirkeby, K.: Diagnostic and Prognostic Significance 
of Eosinopenia in Acute Myocardial Infarction. 
Am. J. M. Se. 282: 50 (July), 1956. 

Daily eosinophil counts were performed in 149 
patients in the early phase of acute myocardial 
infarction to evaluate the effect of the condition 
upon the nonspecific index of stress. In the great 
majority of patients an early eosinopenia of 2 days’ 
duration or more was found. The decrease in eosino- 
phils usually developed within a period from 5 to 
48 hours. Of the counts made on the first, second, 
and third days only 3, 6 and 15 per cent respectively 
were above 50 per mm. In 81 patients with eosino- 
penia of less than 7 days’ duration, only 2 patients 
died. In 23 patients with prolonged eosinopenia, 16 
patients died. A normal eosinophil count in the 
period from 5 to 48 hours following symptoms 
suggestive of myocardial infarction strongly contra- 
dicts the diagnosis. An early eosinopenia. was found 
frequently in pneumonia, pulmonary embolism, 
arrhythmias, acute congestive failure, and gall- 
bladder disease. Uncomplicated angina pectoris 
was not associated with significant eosinopenia. 
A reduction of eosinophils is of no value in the 
differential diagnosis of myocardial infarction as 
regards diseases involving severe stress but may be 
of aid as regards uncomplicated angina pectoris. 
SHUMAN 


Bauer, F. K., Mugler, F. R., Jr., Lieberman, V. W., 
and Westergart, J. P.: Clearance of Radioactive 
Iodine from the Lower Extremities of Patients 
with Myocardial Infarction. Am. J. M. Se. 
232: 44 (July), 1956. 

Tracer amounts of I'*' in normal saline, ranging 
from 0.5 to 1.0 microcurie, were injected by hypo- 
spray into the thighs of 35 patients with acute 
myocardial infarction. The rate of disappearance of 
the radioactive tracer was recorded either until half 
the radioactivity had disappeared or for a period of 
30 to 60 minutes. In healthy control subjects, the 
disappearance of half the tracer was achieved in a 
mean time of 9 minutes. In those with myocardial 
infarction, greatly prolonged clearance times were 
observed during the first few weeks of illness. The 
clearances became normal in the sixth week in the 
majority of patients. It was noted that, in a number 
of patients, the I! clearance remained prolonged 
in the sitting position after having become normal 
in the supine position. This finding may be attribut- 
able to a decrease in cardiac output in the sitting 
position. The mechanism of delayed clearance of 
tracer amounts of I'*! in patients with myocardial 
infarction may be that of a diminution of the periph- 
eral capillary bed. 

SHUMAN 

Cleempoel, H., and Enderle, J.: Prognostic Factors 


in Recent Myocardial Infarction. Acta cardiol. 
9: 260 (Fasc. 3), 1956. 
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One hundred and sixty-five cases of recent myo- 
cardial infarction were analyzed as_ to history, 
symptoms, and signs and evaluated according to 
the point system proposed by Schnur. The following 
were found to represent factors with unfavorable 
prognostic significance: advanced age, female sex, 
shock, congestive failure, azotemia of more than 
60 mg. per cent, disturbances of rhythm, thrombo- 
embolic accidents, and a previous myocardial 
infarct. Diabetes and hypertension, according to 
this study, are not important in prognosis. 

Pick 


Levy, H.: The Natural History of Changing Pat- 
terns of Angina Pectoris. Ann. Int. Med. 44: 
1123 (June), 1956. 

In states of coronary insufficiency that are sus- 
pected of being a prelude to coronary thrombosis, 
anticoagulation is now being applied with seeming 
success to forestall intravascular thrombosis with 
secondary myocardial infarction. It is important, 
therefore, to attempt to predict oncoming myo- 
cardial infarction in patients with known coronary 
disease. It is believed that such prediction is possible 
when changes in the pain pattern supervene or 
when certain new symptoms appear. In_ those 
patients in whom there is a distinct crescendo in 
the frequency and intensity of anginal attacks, 
and where there is gradual broadening of the site 
of radiation with the development of sweating and 
often vomiting, and where attacks have become 
quite severe and frequent, major myocardial necrosis 
is very likely to occur within a matter of hours or 
days. Significant of oncoming myocardial infarction 
is pain which previously brought on with some 
regularity by a certain degree of effort or emotion 
becomes provoked more quickly and with greater 
frequency and intensity by the same precipitant. 
More important is pain, previously occurring on 
effort, that now appears at rest and most dra- 
matically occurs in the early hours of the morning, 
awakens the patient, persists for a long time, and 
is not relieved by glyceryl trinitrate. 

WENDKOS 


Aravenis, C., and Luisada, A. A.: Results of Treat- 
ment of Angina Pectoris with Choline Theo- 
phyllinate by the Double-Blind Method. Ann. 
Int. Med. 44: 1111 (June), 1956. 

Choline theophyllinate was tried in 72 ambulatory 
patients with angina pectoris. Forty-two cases 
received the drug, while 28 received a_ placebo. 
Neither the patient nor the doctor knew whether 
the drug or the placebo was used (double-blind 
method). The results proved that, in the majority 
of cases, no suggestive influence was involved in 
the results. No sedative effect was ascertained and 
tolerance was good. 

The clinical improvement resulting from the 


drug was remarkable but gradual in its onset. It was 
revealed by a decrease in the number of the attacks 
of pain and in their severity, as well as in the 
partial or total discontinuance of nitroglycerin. 
Working capacity and the ability to walk without 
pain were also increased. 

The electrocardiogram at rest improved only in 
a few exceptional cases. The electrocardiogram 
recorded after a 2-step test was usually comparable 
to that recorded prior to therapy. However, this 
apparent lack of change was due to the fact that 
most patients were unable to complete the test 
before therapy but could complete it afterwards. 
When the number of steps in the tests before and 
after treatment were identical, no changes followed 
exertion after therapy in some cases, in contrast 
with the deterioration of the tracing produced by 
exertion before therapy. This represented an ob- 
jective evidence of the effect of the drug. 

It is concluded that the effects of the drug are not 
due to its vasodilating action. It is probably due to 
an action on the enzyme systems of the myocardium 
or to the local neutralization of pressor amines that 
interfere with oxygen utilization in the myocardium. 

WENDKOS 


KLECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY, BALLISTOCARDI- 
OGRAPHY, AND OTHER 
GRAPHIC TECHNICS 


Wang, K. C., and Howland, W. S.: The Ballisto- 
cardiogram: Aid in Evaluation of Anesthetic and 
Surgical Risk. Anesthesiology 17: 578 (July— 
Aug.), 1956. j 
The authors report a comparative study of the 

preoperative cardiac examination in 184 unselected 

patients with cancer scheduled for major surgery. 

The evaluation of these patients by the ballisto- 

‘ardiogram was compared with that obtained by 

the history, physical examination, and electrocardio- 

gram. Mortality and morbidity were higher among 
patients showing abnormal ballistocardiograms. The 

results indicate that the ballistocardiogram may be a 

valuable tool in the preoperative evaluation of 

myocardial function, for it appeared to be more 
sensitive than the history and physical examination 
in detecting a cardiac abnormality, which might 
adversely affect the postoperative course. 

SAGALL 


Young, E., Wolff, L., and Chatfield, J.: The Normal 
Vectorcardiogram. I. Am. Heart J. 51: 713 
(May), 1956. 

This report deals with a description of the normal 
vectorcardiogram based on vectorcardiograms and 
electrocardiograms taken on 100 healthy patients 
with normal hearts (14 women and 86 men). The 
Trihedron reference system was used. More than 
half the subjects were between 20 and 30 years of 





944 ABSTRACTS 


age. The QRS.E loop was arbitrarily divided into 
initial forces, body, and terminal appendage. The 
initial forces were defined as forces at the beginning 
of the QRS loop, which are oriented to the right or 
superior to zero. The terminal appendage was 
arbitrarily taken to mean the forces at the end of the 
QRS loop, which are oriented to the right or supe- 
riorly. The body usually appeared as a hemioval 
projection in the horizontal and sagittal planes, and 
was composed of a centrifugal and centripetal limb 
joining the initial forces and the appendage. The 
body had a leftward and inferior position and usually 
was oriented both anteriorly and posteriorly, rarely 
entirely anteriorly. A detailed study is given of the 
general morphology, position, and magnitude of 
QRS and T vectors, their direction and speed of in- 
scription, the interrelations of various portions of 
the QRS loop, and of the latter to the T loop. The 
results by the method of analysis used in this series 
of normal subjects have been tested against the 
vectorcardiograms as found in right and left ventric- 
ular hypertrophy, myocardial infarction, right and 
left bundle-branch block, intraventricular block, and 
pulmonary embolism, and have been found to con- 
stitute a valid basis for differential diagnosis. 
RINZLER 


Langner, P. H., Jr., and Moore, S. R.: Location of the 
Electrical Center of Ventricular Repolarization. 
Am. Heart J. 52: 335 (Sept.), 1956. 

This report deals with a method for T-wave 
mirror-pattern cancellation that determines the de- 
gree of dipolarity and the location of the electric 
center of ventricular repolarization. Two individuals, 
whose equivalent dipole location for ventricular 
depolarization had previously been determined, 
were studied. The authors conclude that repolariza- 
tion, as well as depolarization, is dipolar in nature 
and that the heart acts approximately as a dipole. 
In 1 individual the equivalent dipole location for 
ventricular repolarization was 4 em. distant from 
that for depolarization, but in the other the distance 
between these 2 centers was only 1 em. 

RINZLER 


Bougas, J., Musser, B. G., and Goldberg, H.: Left 
Heart Catheterization. I. Clinical Methods and 
Applications. Am. Heart J. 52: 359 (Sept.), 1956. 
This report deals with 127 consecutive left heart 

catheterizations in 120 patients. Patients considered 

to have clinically significant lesions of the mitral and 
aortic valves were selected for this study and 90 per 
cent of these patients had subsequent cardiac sur- 

gery. Catheterization was performed through a 

sharp 18-gage thin-walled styletted needle, 6 inches 

in length. The technic of atrial puncture is de- 
scribed. Atrial premature systoles were frequently 
observed as the needle invaginated the left atrium. 

Polyethylene, polyvinyl, or Nylon catheters were 

passed through the needle. Intracardiae and intra- 

vascular pressures were measured. The complica- 
tions have consisted of hemopericardium (80 per 


cent) of no clinical significance and requiring no 
specific therapy. Hemothorax occurred on 6 and 
pneumothorax on 3 occasions. Sudden death oc- 
curred in 1 patient 12 hours after the procedure. 
RINZLER 


Burch, G. E.: Selected Quantitative Applications of 
Digital Rheoplethysmography. Am. Heart J. 52: 
388 (Sept.), 1956. 

The continuous curves of the time courses of 
volumes, rates, and accelerations in inflow, outflow, 
and differences between inflow and outflow in the 
digit during a single pulse cycle are amenable to 
various quantitative analyses. These analyses per- 
mit a better definition of digital blood flow and 
provide an additional approach to the study of the 
physiologic mechanisms responsible for the central 
and peripheral circulatory states in health and 
disease. Selected analyses are presented of more than 
300 such digital rheoplethysmograms of 10 normal 
and abnormal subjects. Among selected analyses 
presented are one that simplifies a comparison of the 
relative proportions of total digital inflow and out- 
flow for any segment of the pulse cycle, one that 
demonstrates readily the moment-to-moment lag in 
outflow with respect to inflow, one that describes 
temporally the variations in volume inflow as a per- 
centage of total inflow, and one that may serve as a 
possible index of the circulatory reserve. Dif- 
ferences in the state of the peripheral or central 
portions of the circulation are readily reflected in 
these various curves of the rheoplethysmogram, such 
as those observed for the resting state, vasoconstric- 
tion, aortic valvular insufficiency, and other states 
discussed in this report. In general, the increase or 
decrease in digital inflow was essentially symmetric 
and proportional throughout the pulse cycle, even 
with extreme vasoconstriction or vasodilatation. 
Particularly significant exceptions were noted in 
some subjects with aortic valvular insufficiency. The 
rate of digital flow was observed to be essentially 
as rapid as that reported for the brain, was over 50 
per cent of that reported for the liver, about one 
eighth of that reported for the kidney, and several 
times that reported for the body as a whole. 

RINZLER 


Honig, C. R., and Tenney, S. M.: The “Aperiodic’”’ 
Ballistocardiogram as a Function of Age. Am. 
Heart J. 52: 343 (Sept.), 1956. 

The aperiodic ballistocardiogram has been de- 
signed with mechanical constants selected to elimi- 
nate tissue distortion. This report deals with the 
normal aperiodic ballistocardiogram as a function of 
age and uses an instrument modified from Wittern’s. 
The records of 73 normal subjects ranging in age 
from 214 to 87 years form the basis of this report. 
The wave form of the “aperiodic’’ ballistocardio- 
gram varies with age and force direction, though the 
shape of the record for any single individual is a 
unique and highly reproducible characteristic. 
Progressive shift of the frontal plane vector toward 
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he transverse axis of the body begins at approx- 
mately age 40. Bidirectional recordings are there- 
ore essential in the age group of primary clinical 
nterest. Respiratory variation cannot be explained 
mn the basis of change in force direction. Though re- 
versed respiratory variation is highly significant in 
subjects under 40, it may be entirely normal beyond 
ige 50. The most important fact elucidated by this 
study is that reaction force remains constant 
throughout adult life. The hemodynamic alterations 
responsible for constant force output despite pro- 
gressive decrease in stroke volume and contrac- 
tility are discussed. Although the ‘‘aperiodic” 
ballistocardiogram has proved to be a valuable 
clinical and investigative tool, the complexity of in- 
strumentation and interpretation precludes its use 
as a “service” diagnostic procedure in its present 
state of development. 
RINZLER 


Gardberg, M., and Levy, L., II: The QRS Complex 
of the Electrocardiogram in Myocardial Infarc- 
tion with Remarks on Methods of Recording. 
Am. Heart J. 51: 654 (May), 1956. 

The authors have analyzed the electrocardio- 
graphic alterations of the QRS complex after myo- 
cardial infarction in the posterior, lateral, septal, 
anterior, and combined areas by the method of 
analysis developed and described by Gardberg and 
Ashman in 1943. Illustrative electrocardiograms 
show the effects on the QRS complex of varying 
positions of the heart. Since preinfarction electro- 
cardiograms were available for all the demonstrated 
patterns, a comparison was made before and after 
infarction. The authors also point out that QRS 
changes resulting from myocardial infarction de- 
pend to a large extent upon the size of the involved 
area and its location: i.e., epicardial, endocardial, 
intramural, or transmural. Recognizing the dis- 
tinction between the normal and pathologic elec- 
trocardiogram is frequently impossible and proper 
evaluation is achieved through a physiologic ap- 
proach: thinking of the QRS complex of the elec- 
trocardiogram in terms of a QRS loop. The authors 
conclude that in the state of our knowledge of the 
electric phenomena concerned in electrocardiog- 
raphy and the variable factors of eccentricity and 
contour, it is desirable to continue recording electro- 
‘ardiograms in the conventional manner rather than 
by spatial vector technics. 

RINZLER 


Wasserburger, R. H., and Lorenz, T. H.: The Effect 
of Hyperventilation and Pro-Banthine on Iso- 
lated RS-T Segment and T-Wave Abnormalities. 
Am. Heart J. 51: 666 (May), 1956. 

Thirty-four patients with no clinical evidence of 
heart disease but with electrocardiograms showing 
RS-T segment coving and frank T-wave inversion 
in the left and mid precordial leads were given a 
vagal blocking agent (Pro-Banthine). This resulted 
in prompt normalization of the electrocardiographic 


abnormalities. Hyperventilation, performed for 10 
to 20 seconds consistently reproduced the original 
RS-T and T-wave changes. This hyperventilation 
effect was blocked, however, during the period of 
peak Pro-Banthine activity. It was noted that 
vasomotor instability, anxiety, and hypochondriasis 
were prominently manifested by these patients. 
RINZLER 


Zuckermann, R., and Ringleben, W.: Diagnostic 
Errors in Electrocardiography. Ztschr. Kreis- 
laufforsch. 45: 623 (Aug.), 1956. 

The electrocardiogram of a 5-month-old infant 
showed inverted P, deep Q and wide, tall R waves in 
leads I and II, while leads Ve, through V2 had RS 
deflections with the tallest R wave in V2; leads 
V3 to Vs showed wide Q and tall R waves. At au- 
topsy a single ventricle was found; the aorta origi- 
nated from the anterior hypertrophic part. The atria 
were situated normally, with the right atrium show- 
ing greater hypertrophy. This case shows that in- 
verted P waves in lead I do not necessarily indicate 
situs inversus of the atria. A second patient showed 
deep notching of the T wave in leads II and III, 
which simulated 2:1 atrioventricular block. Forced 
respiration caused sinus arrhythmia, which allowed 
recognition of the notch as belonging to the T wave. 

LEPESCHKIN 


Sterz, H., and Voill, F.: On Registration of the 
Jugular Venous Pulse. Ztschr. Kreislaufforsch. 
45: 616 (Aug.), 1956. 

A capsule connected to a piezoelectric crystal is 
held to the neck by means of suction applied to a 
circular space surrounding it. Only the pulsation of 
superficial jugular vein affects the pressure in the in- 
ternal space, so that the venous pulse registered in 
this way is little affected by the pulsation of the 
sarotid artery. 

LEPESCHKIN 


Polzer, K., Schuhfried, F., and Heeger, H.: Venous 
Congestion in the Rheogram. Ztschr. Kreis- 
laufforsch. 45: 609 (Aug.), 1956. 

The precordial rheogram (impedance plethysmo- 
gram), in the lead from the right shoulder to the 
heart apex, shows extreme elevation of the pro- 
todiastolic venous wave in tricuspid insufficiency. 
The rheogram of the arm shows a corresponding 
second venous wave after a conduction time of about 
0.14 second. These waves are present also in cases 
not showing tricuspid regurgitation and are caused 
by a temporary increase in venous engorgement at 
the beginning of diastole. The venous wave in the 
arm disappears after ligation of the inferior vena 
cava. The rheogram in the lead from the right to the 
left jugular vein shows a systolic plateau in tri- 
cuspid regurgitation. 

LEPESCHKIN 
























































































































































































































































































































































HYPERTENSION 


Litin, E. M., Faucett, R. L., and Achor, R. W. P.: 
Depression in Hypertensive Patients Treated 
with Rauwolfia serpentina. Proc. Staff Meet., 
Mayo Clin. 31: 233 (April), 1956. 

The authors feel that the evidence does not sup- 
port the idea that Rauwolfia per se induces a de- 
pression. It is much more likely that the effect of 
the medication upsets the psychologic balance upon 
which the patient’s ability to get along with himself 
and others has depended all his life. This alteration 
seems to create a vulnerability in the patient, such 
that the usual stresses and strains of this age period 
tend to bring on a depression. The drug, apparently 
has a different action when used with overactive, 
disturbed psychotic persons than when given to 
tense, anxious, inhibited psychoneurotic individuals. 
Reports on its use in psychoneuroses are pertinent 
here. It apparently acts initially as a sedative with- 
out soporific action and lessens anxiety. As its use is 
continued, it seems to be a “deinhibitor.”’ It is re- 
ported to free the neurotic from the constriction of 
his defense system, and patients report enthusi- 
astically about their feeling of freedom. This lessen- 
ing of inhibition makes the patient more likely to 
express real feelings of anger. If he does so however, 
he is immediately threatened, as he sees it, with the 
withdrawal of his security needs by significant 
people in his environment who represent the 
mother-figure of his childhood. Thus a depression 
ensues upon rather minor shifts of attitude in his 
interpersonal environment. A depression, it should 
be noted, serves as an effective defense against the 
expression of unacceptable angry feelings. 

The authors conclude that the possible complica- 
tion of depression should not preclude the use of this 
drug that has been shown to have beneficial effects 
in a large percentage of hypertensive patients. It 
should not, however, be used indiscriminately but 
only under supervision, not only to observe the 
effects on the blood pressure, but more particularly 
for any evidence of depression. There was no ap- 
parent correlation between the emotional responses 
to Rauwolfia and the effect on the blood pressure. 

SIMON 


Bello, C. T., and Turner, L. W.: Reserpine as an 
Antihypertensive in the Outpatient Clinic: A 
Double-Blind Clinical Study. Am. J. M. Sc. 232: 
194 (Aug.), 1956. 

Reserpine was administered to a group of 25 hy- 
pertensive patients of which 23 were female; 17 of 
the entire group were Negroes. The objective studies 
included blood pressure readings, pulse rate, fundo- 
scopic examinations, and electrocardiograms ob- 
tained before and during the course of treatment. 
The results indicated that no remarkable fluctua- 
tions in blood pressure occurred; a slight lowering of 
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pulse rate was noted. There was some improvement 
in several electrocardiograms, which could not be 
attributed to lowering of blood pressure. Side effects 
were noted in approximately two thirds of the 
patients including muscle pains, nasal stuffiness, 
drowziness, headache, nausea, and vomiting. The 
authors conclude that the environmental factors are 
important in contributing to the results obtained 
with reserpine therapy in hypertension. 

SHUMAN 


Roth, G. M., and Kvale, W. F.: Pheochromocytoma, 
Factors in the Accurate Pharmacologic Diagnosis. 
Dis. of Chest. 29: 366 (April), 1956. 

The authors review the pharmacologic tests used 
in diagnosing pheochromocytomas, emphasizing the 
precautions necessary to avoid false results. In the 
normotensive phase a cold pressor test should al- 
ways precede the histamine test, and the latter must 
demonstrate a rise of at least 60 mm. systolic and 40 
mm. Hg diastolic to be significant. Moreover, the 
blood pressure rise must be substantially above that 
of the cold pressor test, the average difference in 19 
patients being 70 mm. systolic and 19 mm. diastolic. 
A regitine test may be performed at the height of the 
blood pressure rise following histamine, and a rapid 
fall in blood pressure represents 2 positive tests. In 
the presence of sustained hypertension a regitine 
test of 5 mg. intravenously should yield a significant 
drop in blood pressure in 30 to 60 seconds, with a 
slow return to previous levels. Regitine should not be 
administered intramuscularly as false negative re- 
sults occur. No sedation or narcotics should be given 
for 48 hours prior to these tests, as the cold pressor 
response may be suppressed and the response to 
regitine or piperoxan accentuated leading to false 
positive results. The authors also mention 4 reported 
cases of intrathoracic pheochromocytomas, in 2 of 
whom successful surgical procedures were carried 
out. Two patients with recurrent metastases from 
surgically removed pheochromocytomas are also 
discussed. 


MAXWELL 


Moyer, J. H., Ford, R., Dennis, E., Caplovitz, C., 
Hershberger, R., Conner, P. K., Kinard, S., and 
McConn, R.: Drug Therapy (Mecamylamine) of 
Hypertension. III. Results with Mecamylamine, 
a Completely Absorbed Ganglionic Blocking 
Agent. Arch. Int. Med. 98: 187 (Aug.), 1956. 
Results obtained in the treatment of hypertension 

with mecamylamine, a ganglionic-blocking agent, 

which is completely absorbed from the intestinal 
tract, are reviewed. The patients were treated as 
ambulatory patients. The drug is an effective agent 
for reducing the blood pressure in patients with 
severe hypertension. Because of its complete oral 
absorption, it is more predictable from day to day, 
and dosage is easier to titrate, since the oral and 
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parenteral route of administration can be used in- 
terchangeably with the same dose. 

The side effects with mecamylamine are similar, 
both qualitatively and quantitatively, to those ob- 
served with other available ganglionic-blocking 
agents, such as hexamenthonium and pentolinium. 
The effect of reducing salivation is more marked 
with mecamylamine than with the other blocking 
agents, and the initial effect of reducing intestinal 
peristalsis may be more marked than with other 
blocking agents. The pharmacology and _ specific 
clinical problems relative to the use of this drug for 
the treatment of hypertension are reviewed. 

BERNSTEIN 


Freis, E. D., and Wilson, I. M.: Mecamylamine, a 
New, Orally Effective, Hypotensive Agent. 
Experimental and Clinical Evaluation. Arch. Int. 
Med. 97: 551 (May), 1956. 

Mecamylamine seems to be completely absorbed 
from the intestinal tract of man. The hypotensive 
effect began after 1 hour, reached the lowest values 
at 2 hours and disappeared in 6 to 12 hours. In 
equipotent hypotensive doses mecamylamine did not 
produce as marked an inhibition of sympathetic 
vasoconstrictor reflexes as had been observed pre- 
viously with hexamethonium. In 36 patients with 
severe hypertension treatment with mecamylamine 
in an average dose of 29 mg. per day was followed by 
a mean reduction in blood pressure of 21 per cent 
systolic and 16 per cent diastolic in the supine po- 
sition and 25 per cent systolic and 20 per cent 
diastolic in the erect position. 

Continuous treatment for 1 to 4 months fre- 
quently resulted in improvement in the optic fundi 
and occasionally in the electrocardiographic pat- 
terns. A decrease in blood urea nitrogen levels also 
was noted in most patients exhibiting slight ele- 
vations but not in those with marked nitrogen re- 
tention. The side effects were typical of those ex- 
perienced with other ganglion-blocking agents. In 
the majority of patients the development of ‘‘toler- 
ance” was slight or nonexistent. The addition of 
small doses of hydralazine appeared to produce a 
slight additional hypotensive effect in 3 of 13 
patients. Reserpine seemed to produce an additional 
hypotensive effect in 5 of 11 patients. 

BERNSTEIN 


METABOLIC EFFECTS ON 
CIRCULATION 
Kreuziger, H., Kemper, F., and Heinecker, R.: 

The Effect of Cigarette Smoking on the Blood 

Composition. Ztschr. Kreislaufforsch. 45: 167 

(Mar.), 1956. 

In 21 normal young persons accustomed to 
smoking, inhaling the smoke of 1 cigarette caused in 
all cases an increase of leukocyte concentration and 
decrease of eosinophils. In most cases the neutrophils 


increased and blood sugar showed an initial de- 
crease, with later increase, while the potassium 
concentration decreased. In a minority of cases the 
lymphocytes, the blood sugar, and the serum po- 
tassium showed an immediate elevation. Five 
anesthetized dogs behaved like the majority of 
human subjects. The serum sodium and calcium 
were not affected. 
LEPESCHKIN 


Follis, R. H., Jr.: The Effects of Nutritional De- 
ficiency on the Heart: A Review. Am. J. Clin. 
Nutrition 4: 107 (Mar.—Apr.), 1956. 

In this review article the author discusses the 
cardiac changes (physiologic and anatomic altera- 
tions) that have been produced in the experimental 
animal by deficiencies of various inorganic elements, 
amino acids, vitamins, and fatty acids. The appli- 
‘ation of these findings to an understanding of the 
changes seen in human beings with nutritional 
deficiencies are indicated. 

SAGALL 


Emele, J. F., and Bonnycastle, D. D.: Cardiotonic 
Activity of Some Adrenal Steroids. Am. J. Physiol. 
185: 103 (Apr.), 1956. 

Small concentrations of compounds B, F, E, and 

S have a positive inotropic effect on hypodynamic 

‘at’ papillary muscles. Higher concentrations of 

these and all concentrations of DCA and compound 

A depress papillary muscle. Ten per cent serum, 

1 per cent serum albumin, and a dialysate of 1 

per cent albumin are all positively inotropic. The 

steroids did not account for this positive action. 
OPPENHEIMER 


Horwitt, M. K., Harvey, C. C., Duncan, G. D., and 
Wilson, W. C.: Effects of Limited Tocopherol 
Intake in Man with Relationships to Erythrocyte 
Hemolysis and Lipid Oxidations. Am. J. Clin. 
Nutrition 4: 408 (July—Aug.), 1956. 

The organization of a project designed to evalu- 
ate man’s requirement for vitamin E was described. 
This project is still in progress. Quantitative tests 
included evaluation of creatine, creatinine, nitrogen, 
pentose, and a rough estimation of amino acid 
distribution in urine. Plasma was analyzed for 
tocopherol content, total fatty acids, linoleic, 
linolenic, and arachidonic acids, cholesterol, vitamin 
A, and carotenoid substances. Hemograms, liver 
function studies, tolerance curves for glucose, lactic 
acid, and pyruvic acid were obtained. Clinical and 
physiologic procedures included the Master test, 
electrocardiograms, circulation time, Rumpl-Leede 
fragility test, skin-fold caliper measurements, basal 
metabolic rate, and electromyogram base lines. 
No significant variations in any of these tests other 
than the changes in plasma tocopherol and the 
susceptibility of the erythrocytes to hemolysis by 
hydrogen peroxide were demonstrated. It was 
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suggested that variables other than the concen- 
tration of alpha-tocopherol in the blood are involved 
in hemolysis. Erythrocyte hemolysis by hydrogen 
peroxide has been related to oxidation of the lipoid 
structure of the red blood cell by comparing data 
obtained from the oxidation of linolenic acid, phos- 
pholipids, and brain lipids with oxidations of erythro- 
cyte lipids. Thiobarbituric acid (TBA) had been 
suggested as a suitable reagent for evaluating the 
oxidation of biological material in studies of vitamin 
E deficiency. With this reagent, data have been 
obtained that show an increased reactivity with 
biological material from mammals depleted of 
vitamin E. Correlations between TBA reactivity 
and the extent of peroxide hemolysis in human 
erythrocytes were observed. 

MAXWELL 


PHARMACOLOGY 


Jaffe, H. L., Rosenfield, M. H., Pobira, F. W., and 
Stuppy, L. J.: Radioiodine Treatment of Euthyroid 
Cardiac Disease. J. A. M. A. 159: 434 (Oct. 1), 
1955. Abstracted, Circulation 15: 266 (Feb.), 
1957. 

Okita, G. T., Talso, P. J., Curry, J. H., Jr., Smith, 
F. D., Jr., and Geiling, E. M. K.: Metabolic Fate 
of Radioactive Digitoxin in Human Subjects. 
J. Pharmacol. & Exper. Therap. 115: 371 (Dec.), 
1955. Abstracted, Circulation 15: 224 (Feb.), 1957. 

Roddie, I. C., Shepherd, J. T., and Whelan, R. F.: 
The Action of 5-Hydroxytryptamine (5-HT) on 
the Blood Vessels of the Human Hand and Fore- 
arm. Brit. J. Pharmacol. 10: 445 (Dec.), 1955. 
Abstracted, Circulation 15: 273 (Feb.), 1957. 

Storstein, O., and Tveten, H.: Quinidine Treatment 
of Established Auricular Fibrillation. Acta med. 
seandinav. 153: 57 (Dec. 16), 1955. Abstracted, 
Circulation 15: 13 (Jan.), 1957. 

Lasagna, L.: Drug Effects as Modified by Aging. 
J. Chron. Dis. 3: 567 (June), 1956. 

Although chronologic age has been shown to be 
correlated with response to drugs in certain cir- 
cumstances, such correlation is not inevitable nor 
is its nature predictable. At times increasing age 
seems to predispose to hyperreactivity, at times to 
hyporeactivity, and at times seems not to affect 
the magnitude of response. The problems involved 
in establishing and assessing such correlations are 
discussed. Some points touched upon were compu- 
tation of drug dosage for a given age on the basis of 
grams per square meter of body surface, or on the 
basis of body weight, or square root of body weight; 
the problem of accounting for possible variation in 
distribution and metabolism of a given drug for 
different age groups; variation in the shape of the 
dose-response curve of a particular drug in a specific 
age group. It is suggested that the systematic 
collection of data bearing on these problems may 
provide leads for important contributions to our 
understanding of the fate and action of drugs. 

MAXWELL 
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Petermann, A., and Schultz, G. W.: Clinical Study 
on the Action of Beta-Pyridylcarbinol (Ronicol) 
on the Heart and Circulation. Ztschr. Kreislauf- 
forsch. 45: 284 (Apr.), 1956. 

Intravenous injection of 100 mg. in 12 normal 
persons usually caused a decrease of blood pressure, 
little change in heart rate, decreased stroke and 
minute volume, and increased peripheral resistance 
(caleulated according to Broemser and Ranke). In 
12 persons with cardiovascular disease the blood 
pressure and the minute volume usually increased, 
while the peripheral resistance decreased. These 
changes were often followed by a reaction in the 
opposite sense. 

LEPESCHKIN 


Castellanos, A., Jr., Azan Cano, L., and Taquechel, 
N.: The Clinical Use of Acetyl Strophanthidin. 
Rev. Cubana cardiol. 16: 483 (Dec.), 1955. 

In persons who had previously received no digi- 
talis, 0.2 mg. of the drug was injected intravenously 
every 5 minutes, followed by electrocardiographic 
registration, until a total of 1.8 mg. was reached or 
signs of toxicity appeared. In persons previously on 
digitalis, 0.2 mg. was injected every 10 minutes in 
the same way. In 10 patients with normal hearts no 
significant changes of S-T or Q-T appeared. In 15 
cardiac patients without previous digitalis these 
changes appeared more readily; up to 1.8 mg. was 
necessary to cause slowing in atrial fibrillation. 
Twenty-five cardiac patients treated with digitalis 
occasionally showed ventricular bigeminy and 
tachycardia after only 0.2 mg. of acetyl strophan- 
thidin; however, in some cases these did not become 
more numerous on further injection of the drug. 
In 6 cases, atrial tachycardia with variable atrio- 
ventricular block appeared, and in 2 of these it 
evolved into atrial fibrillation. When this tachy- 
cardia was a result of digitalis intoxication, acetyl 
strophanthidin caused an increase in atrial rate, 
complete atrioventricular block with ventricular 
bigeminy, and sometimes atrial fibrillation. On 
the contrary, in 3 cases where this tachycardia 
appeared without previous digitalization, acetyl 
strophanthidin caused sinus rhythm to appear 
after 1.2 to 1.8 mg. In 1 case with bilateral broncho- 
pneumonia with sinus tachycardia and coupled 
ventricular extrasystoles, 1.2 mg. of the drug caused 
these to disappear, but after 3 minutes ventricular 
tachycardia and fibrillation appeared, leading to 
death. Intravenous infusion of 50 to 75 mKq. of 
potassium in 20 to 180 min. always caused ectopic 
rhythms due to digitalis to disappear during or 
after the infusion; the atrial rate of atrial tachycardia 
showed a progressive slowing with transition to 1:1 
conduction before sinus rhythm appeared. Procaine 
amide always caused ventricular extrasystoles to 
disappear in doses less than 500 mg., atrial par- 
oxysmal tachycardia due to digitalis or acetyl 
strophanthidin (sometimes at rates up to 310) was 
converted to sinus rhythm as in the case of potassium 






in 
slo 
oe 
ap 
th 
co 
rh 
of 
ac 
m 
rs 
m 


ABSTRACTS 949 


in the majority of the cases, but in 4 cases only 
slowing of the atrial rate resulted, and in 1 of these 
1:1 conduction with marked widening of QRS 
appeared. Usually a shortening of P-R accompanied 
the slowing of the tachycardia. Potassium is ac- 
cordingly preferred in the treatment of atrial ar- 
rhythmias, while procaine amide is preferred in that 
of ventricular arrhythmias because of a more rapid 
action. In general, acetyl strophanthidin is not 
more toxic than other intravenous digitalis prepa- 
rations if the intervals between injections exceed 10 
min. 
LEPESCHKIN 


Jerzy Glass, G. B., Baronsky, H., Boyd, L. J., 
Rich, M., and Ebin, L.: Theophylline Concentra- 
tion in Blood Plasma Following Rectal Administra- 
tion of Aminophylline. Am. J. M. Sc. 231: 51 
(Jan.), 1956. 

Aminophylline was administered as a suppository 
to 30 subjects to evaluate the efficiency of this mode 
of therapy and to determine the best suited sup- 
pository bases for this purpose. Plasma levels of 
theophylline were measured for a period of 1 to 8 
hours using the Schack-Waxler ultraviolet spectro- 
photometric method. The plasma levels obtained 
after intrarectal administration of aminophylline 
were checked against blanks obtained from blood 
obtained before administration. Placebo supposi- 
tories were also employed as controls for the ob- 
servations. The results demonstrated that 2 types 
of suppositories gave satisfactory blood levels of 
theophylline. The first of these contained 0.5 Gm. 
of aminophylline in a mannitol base, with or without 
benzocaine. The plasma levels of theophylline 
were over 500 wg. per 100 ml. in 8 of 10 tests. The 
second type of suppository was that in a buffered 
sarbowax base, which produced similar levels in 4 
of 6 subjects. Sustained plasma levels of theophylline 
averaging 650 ug. per 100 ml. between the fourth 
and eighth hours and with the least coefficient of 
variation were achieved with the mannitol base 
suppositories. Intravenous aminophylline given to 
2 subjects in 0.5 Gm. doses resulted in blood levels 
approximately 3 times higher than that obtained 
with the same dose in the suppository form with 
blood levels well maintainéd for 2 to 3 hours after 
injection. 

SHUMAN 


Purpura, D. P., and Grundfest, H.: Blockade of 
Cardiac Synapses by Succinylcholine. Science 
124: 319 (Aug. 17), 1956. 

A reversible cardiac synaptic blockade was in- 
duced by succinylcholine in anesthetized cats and 
in unanesthetized spinal preparations. 

Succinylcholine is a cholinomimetic agent that 
acts like acetylcholine to depolarize muscle end- 
plates prior to blocking neuromuscular transmission. 
Its blockade of vagal effects resembles the action of 
nicotine when the latter is given slowly in low con- 


centration. In neither case was a slowing of the 
heart observed, such as occurs with larger doses of 
nicotine or with injections of acetylcholine. There- 
fore, the vagal blockade caused by succinylcholine 
is ascribed by the authors to depolarizing blockade 
of transmission from the preganglionic vagus to 
the intracardiac postganglionic parasympathetic 
fibers. 
WaAIFE 


PHYSIOLOGY 


Carlill, S. D., and Duke, H. N.: Pulmonary Vascular 
Changes in Respone to Variations in Left Auricular 
Pressure. J. Physiol. 188: 275 (Aug.), 1956. 
It has been asserted by other investigators that 

elevation of left atrial pressure (as in mitral stenosis) 

‘auses a greater increase in pulmonary arterial 

pressure due to pulmonary arteriolar constriction. 

This mechanism was not demonstrable in the per- 

fused lung of cats. As a matter of fact, a rise in left 

atrial pressure caused a reduction in pulmonary 
vascular resistance and an increase in blood volume 
in the lungs. 

AVIADO 


Lilienfield, L. S., and Kovach, R. D.: Simplified 
Method for Calculating Flow, Mean Circulation 
Time and Downslope from Indicator-Dilution 
Curves. Proc. Soc. Exper. Biol. & Med. 91: 
595 (Apr.), 1956. 

The use of indicator-dilution curves to measure 
cardiac output and ‘central blood volume” is 
time consuming when the curves are markedly 
prolonged as in heart failure. A new graphic method 
using semilogarithmic paper is described and its 
validity is supported by mathematical proof. The 
advantages of employing this method of calculation 
include speed and accuracy. 

AVIADO 


Douglas, W. W., Ritchie, J. M., and Schaumann 
W.: Depressor Reflexes from Medullated and 
Non-Medullated Fibers in the Rabbit’s Aortic 
Nerve. J. Physiol. 182: 187 (Apr.), 1956. 
Experiments were made in which the action 

potentials set up in the rabbit’s aortic nerve by 

electric stimulation were correlated with their 
reflex depressor effects. In addition to the medullated 
afferent depressor fibers (A fibers) known to be 
arising from the aortic baroreceptors, the aortic 
nerve contains a large group of small nonmedullated 
afferent fibers (C fibers) with powerful reflex de- 
pressor activity. The origin of these C fibers is 
unknown but the possibility of their participation 
in reflex effects from the heart and lungs is discussed. 
AVIADO 


Meesman, W., and Schmier, J.: Cardiac and Circu- 
latory Defects of Body Substances Compared 
to those of the “Spleno-Hepatic Mechanism.” 
Ztschr. Kreislaufforsch. 45: 335 (May), 1956. 
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Electric stimulation of the splenic nerves after 
constriction of the descending coronary artery 
causes elevation of the blood pressure and heart 
output, accompanied by decreased flow in the right 
coronary artery. This decrease in flow is not followed 
by a compensatory increase and is interpreted as 
due to a primary decrease in the oxygen consumption 
of the myocardium, which counteracts anoxia. The 
flow in the hepatic artery is increased preceding the 
increase in arterial pressure. The effect on the heart 
is attributed to liberation of Rein’s “hypoxy-lienin”’ 
by spleen and liver. After injection into the femoral 
or hepatic veins of ferritin, levulose, glucose, lactic 
acid, potassium, adenosine triphosphoric, diphos- 
poric and monophosphoric acids, serotonin creatine 
sulfate, and extracts of the spleen and liver, an 
increase in the coronary flow appeared. It is there- 
fore concluded that none of the above substances 
can be responsible for the effect of splenic nerve 
stimulation, since the latter causes decreased coro- 
nary flow. Previously it could be shown that epineph- 
rine and norepinephrine also cannot be responsible 
for this effect. 

LEPESCHKIN 


Maurea, C., Nylin, G., and Sollberger, A.: Normal 
Values of the Nylin Heart Function Test. Acta. 
cardiol. 11: 215 (Fasc. 3), 1956. 

Following a review of Nylin’s previous investi- 
gations, the authors present a statistical analysis of 
results of cardiopulmonary function tests obtained 
in 763 normal persons aged from 15 to 60 years. 
The following factors were taken into consideration: 
age, weight, height, body surface, Benedict’s stand- 
ard values, oxygen consumption at rest and after 
exercise, oxygen debt, cardiac volume per square 
meter of body surface, and the basal metabolic 
rate. Mean values were tabulated for men and 
women and frequency diagrams were reproduced. 
The correlations between observed and calculated 
oxygen consumptions are discussed. The former 
correlated well with heart volume but not with age. 
No relation could be established between oxygen 
debts and age, length, weight, body surface, basal 
metabolic rate, or heart volume. Possible errors in- 
fluencing the statistical evaluation are discussed. 
Nomograms of correlations between exercise and 
resting oxygen consumption for practical use are 
presented. 


Pick 


Gobbato, F., and Meda, A.: Analysis of Factors 
That May Influence the Duration of Isotonic 
Systole in Normal Conditions. Cardiologia 29: 
114 (Fase. 2), 1956. 

In 84 patients aged 28 to 89 years, without symp- 
toms or signs of cardiovascular disease, the duration 
of the ventricular ejection phase (‘‘isotonic systole’) 
was determined and correlated with the ventricular 
rate, the stroke output, blood pressure, peripheral 
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resistance, and elasticity of the arteries. The re- 
spective data were determined from simultaneous 
recordings of carotid and femoral pulses by Frank’s 
(air transmission) sphygomograph. The stroke 
output was calculated according to Wezler and 
Béger and as a measure of arterial elasticity the 
velocity of the pulse wave was taken into considera- 
tion. The data were analyzed statistically and 
respective regression formulas were presented. 
The conclusion was reached that in normal indi- 
viduals, regardless of age, the duration of the ven- 
tricular ejection phase depended at rest on the 
heart rate and stroke output and was unaffected 
by variations of the blood pressure, by the peripheral 
resistance, and by elasticity of the arteries as oc- 
curred with advancing age. A nomogram was pre- 
sented that may be useful in the evaluation of 
alterations of the ejection phase under abnormal 
conditions. 


Pick 


Cull, T. E., Scibetta, M. P., and Selkurt, E. E.: 
Arterial Inflow into the Mesenteric and Hepatic 
Vascular Circuits During Hemorrhagic Shock. 
Am. J. Physiol. 185: 365 (May), 1956. 

Both mesenteric and hepatic arteries were ob- 
served to have decreased blood flows during hemor- 
rhagic shock. Resistance increased in the hepatic 
artery. At the latter end of a period of low blood 
pressure, mesenteric arterial resistance often de- 
creased at the same time during which there was 
an elevation in venous portal pressure. Hepatic 
arterial resistance continued to increase during this 
same late hypotensive period. Transfusion increased 
mesenteric blood flow. These values were often 
above the original contro! values. At the same time 
portal pressures increased 2 fold while mesenteric 
resistance decreased. It is suggested that this phase 
may represent mesenteric pooling in capillaries and 
venules depending on reduced inflow and increased 
outflow resistance. Later mesenteric — resistance 
increased up until the agonal period. There was 
sometimes a terminal decrease. Hepatic artery flow 
increased gradually after transfusion. The maximum 
was at 90 minutes. At this time mesenteric artery 
flow was very much reduced with an extremely 
high resistance. 

OPPENHEIMER 


Laurent, D., Bolene- Williams, C., Williams, F. L., 
and Katz, L. N.: Effects of Heart Rate on Coronary 
Flow and Cardiac Oxygen Consumption. Am. 
J. Physiol. 185: 355 (May), 1956. 

At rates up to 300 beats per minute there was a 
significant correlation with coronary flow and 
cardiac oxygen use. The role of rate in the determina- 
tion of cardiac oxygen utilization is stressed. When 
rates were excessive or the load was very great the 
relationship of coronary flow to oxygen consumption 
was shifted. Under these conditions energy metabo- 
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lism of the heart changed so that less oxygen was 
extracted from blood even though it was more 
available. Anaerobic activity of the heart may 
therefore have a definite role for periods that are 
long enough to exclude ordinary oxygen debt. 
OPPENHEIMER 


Hearn, G. R., and Wainio, W. W.: Succinic De- 
hydrogenase Activity of the Heart and Skeletal 
Muscle of Exercised Rats. Am. J. Physiol. 185: 
348 (May), 1956. 

Rats were allowed to swim for 4 hour daily up to 

5 to 8 weeks. Exercised rats did not gain as much 

weight as controls. Adrenal glands and ventricular 

weights were increased in the exercised animals. 

There was no change in skeletal muscles in these 

same rats. The relative total succinic dehydrogenase 

activity was significantly increased in heart ventricle 
but not in gastroenemii. Unit and actual total 
activities were not changed in either skeletal or 
heart muscle. 

OPPENHEIMER 


Mooring, P. K., Rathe, J., and Root, W. S.: Pressor 
Response to Adrenalin Shown by Spinal Dogs. 
Am. J. Physiol. 186: 85 (July), 1956. 

Under anesthesia vagotomized dogs, whether or 
not carotid sinuses were denervated, responded to 
intravenous epenephrine in a manner similar to 
control animals. Low cervical section of the cord, 


however, was attended by a 3-fold increase in 
response to epinephrine under anesthesia. When 
vagotomy was added, the response was still greater. 
If cord section was made 1 or 2 segments below 
Cs to T,, the epinephrine response was reduced. 
Anesthetized spinal dogs (Cs to T,) were more 
responsive to epinephrine than similar unanesthe- 
tized animals. 
OPPENHEIMER 


Lammerant, J., and DeVisscher, M.: Determination 
of Mean Pulmonary Circulation Time by Radio- 
cardiography. Acta cardiol. 11: 244, 1956. 

The intracardiac transport of human serum 
albumin labeled by I'*! was determined with the 
help of a scintillation counter directed toward the 
precordium. Fluctuations of the intracardiac radio- 
activity were registered as a function of time in the 
form of 2 successive and partly superimposed con- 
centration curves. The curves were produced by 
the right and left heart respectively and permitted 
measurement of the mean circulation time of the 
tracer substances through the lungs. The method 
was useful in determination of the circulating lung 
blood volume, since it eliminated extrapulmonary 
factors involved in conventional dye-dilution tech- 
nics. The technic of the method is described in 
detail, and the significance of the measurable mean 
lung circulation time is discussed. 

Pick 


RENAL AND ELECTROLYTE EFFECTS 
ON THE CIRCULATION 


Epstein, F. H., Kleeman, C. R., Lamdin, E., and 
Rubini, M. E.: Studies of the Antidiuresis of 
Quiet Standing: Observations upon Electrolyte 
and Acid-Base Excretion during Sulfate Diuresis. 
J. Clin. Invest. 35: 308 (March), 1956. 

The effects of motionless standing on electrolyte 
metabolism were determined in normal young men. 
When isotonic sodium sulfate was infused, there was 
an abrupt decrease in renal excretion of sodium and 
chloride, but little change in urine flow or sulfate 
excretion. There was also an increase in potassium 
and ammonium excretion, and a fall in urinary pH. 
Administration of Diamox, prior to quiet standing, 
prevented the increased potassium excretion. Thi- 
omerin also blocked the increase in potassium 
excretion, but did not prevent the formation of a 
more acid urine and an increase in ammonium ex- 
cretion. These results demonstrate that changing 
from the supine to the standing posture provides a 
specific stimulus to the renal tubular reabsorption of 
sodium. The data are compatible with the theory 
that the renal retention of sodium so produced, is 
caused in part by an increased reabsorption of 
sodium from urine through ionic exchange with the 
tubular cells for potassium and hydrogen ions. 

WAIFE 


Hickam, J. B., Wilson, W. P., and Frayser, R.: 
Observations on the Early Elevation of Serum 
Potassium during Respiratory Alkalosis. J. Clin. 
Invest. 35: 601 (June), 1956. 

A transient hyperkalemia was induced by hyper- 
ventilation in normal subjects when acute respira- 
tory alkalosis was reached. Early in respiratory 
alkalosis, potassium was added to the circulating 
blood from the splanchnic region, and was removed 
from the blood in the brain and peripheral tissue. 
Later the serum potassium concentration fell below 
resting levels as potassium moved from an extra- 
cellular to an intracellular position. 

WaAIFE 


Preedy, J. R. K., and Aitken, E. H.: The Effect of 
Estrogen on Water and Electrolyte Metabolism. 
III. Cardiac and Renal Disease. J. Clin. Invest. 
35: 443 (Apr.), 1956. 

In patients with constrictive pericarditis, estrogen 
administration was associated with marked and 
sustained retention of water, sodium, and chloride. 
Similar though less striking effects were noted in 
patients with congestive heart failure. In normal 
subjects slight and transient effects only were ob- 
served. 

However, in patients with the nephrotic syndrome, 
significant retention of salt and water was not found. 
This would suggest that the kidney plays no primary 
role in such retention. The only factor common to 
all groups in which fluid retention after estrogen 
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occurred, and absent from groups in which re- 
tention did not occur, was hepatic involvement. 
Strong support is provided for the hypothesis that 
differing degrees of hepatic circulatory impairment 
lead to differing rates of estrogen inactivation and 
may be responsible for the marked fluid retention 
after estrogens in cirrhosis with ascites in contrast 
to the slight retention in cirrhosis without ascites. 
WaAIFE 


Mulrow, P. J., Oestreich, H. M., and Swan, R. C.: 
Measurement of Extracellular Fluid Volume of 
Nephrectomized Dogs with Mannitol, Sucrose, 
Thiosulfate and Radiosulfate. Am. J. Physiol. 
185: 179 (April), 1956. 

Distribution volumes of mannitol, sucrose, thio- 
sulfate, and radiosulfate were unchanged in extra- 
cellular fluid 6 hours after removal of both kidneys 

OpPpENHEIMER 


Little, J. M., Kelsey, W. M., and Yount, E. H., Jr.: 
Influence of the Adrenal Cortex on Renal Hemo- 
dynamics in the Dog. Am. J. Physiol. 185: 159 
(April), 1956. 

Atrophic changes in the zona reticularis and 
fasciculata of the adrenal cortex were produced by 
Rhothane. ACTH increased the glomerular filtration 
rate and the effective renal plasma flow, but de- 
creased the filtration fraction. Rhothane decreased 
renal function in 60 per cent of the dogs and ACTH 
restored all parameters except the filtration fraction. 
If Rhothane and ACTH were administered at the 
same time a progressive decrease in function re- 
sulted in animals with elevated levels (3 out of 5 
dogs). 


OpPpENHEIMER 


Knowles, H. C., Jr., and Alverson, G.: The Osmotic 
Activity of the Renal Tubule in Diabetic Acidosis. 
J. Lab. & Clin. Med. 48: 176 (Aug.), 1956. 
Data were reported dealing with the relations of 

urinary flow, osmolarity, and load in patients with 

ketoacidosis. Observations made on 19 subjects 
with diabetic acidosis revealed no correlation be- 
tween urinary total osmolarity and flow and the 
fact that osmotic activity is minimally diminished 
in the uncomplicated case. Granting that the data 
were few, they suggested some diminution of distal 
tubular water reabsorption in acidosis. It appeared 
that uncomplicated moderate ketoacidosis caused 
only minimal impairment of concentrating ability. 
It was suggested that factors such as potassium 
deficiency or renal ischemia may alter tubular 
function. However, from the data reported it was 
apparent that the concentrating ability of the kidney 
was appreciably decreased only when hypotension 
or other complication was present. The flow is 
closely related to the total load and to glucose 
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load as well, since glucose comprises the largest and 
a relatively constant fraction (40 per cent) of the 
load. 

MAXWELL 


ROENTGENOLOGY 


Broman, T., and Olsson, O.: Technique for the 
Pharmaco-Dynamic Investigation of Contrast 
Media for Cerebral Angiography. Acta radiol. 
45: 96 (Feb.), 1956. 

In this as in previous articles the authors report 
on their investigations of the blood-brain barriers, 
to indicate the roles played by concentration of the 
opacifying media, and the importance of the in- 
jection pressure. In this study a 35 per cent solution 
of Umbradil was injected into the carotid artery 
(rabbits), under conditions varying in amount, 
time, and recorded pressures, and the resultant 
effects on brain tissue were assayed. While the 
duration of injection and the pressures employed 
by themselves were not determining factors in 
producing brain damage the cumulative effects of 
both these factors combined led to significant brain 
injury. 

The authors conclude that in clinical cerebral 
angiography the injection pressure probably plays 
only a minor role unless on theoretic grounds it is 
performed in patients with arterial hypertension, 
when undesirable effects might result. 

SCHWEDEL 


Falomir, J. M., and Sepulveda, B.: Splenoportog- 
raphy for the Diagnosis of Portal Hypertension. 
Arch. Int. Med. 98: 42 (July), 1956. 
Percutaneous splenoportography is a safe and 

diagnostically valuable procedure, as evidenced by 
the series of cases presented in this paper. The chief 
usefulness of the method rests with its ability to 
offer the following information: (1) confirmation of 
the existence of portal hypertension, (2) localization 
of the site of obstruction, and (3) demonstration of 
anomalies of the portal system. The authors believe 
that with increasing application of this procedure 
more complete understanding of the portal circula- 
tion will be possible. ; 

The contraindications for splenoportography are 
pronounced tendency to hemorrhage, infectious 
splenomegaly, and the presence of ascites, which 
must be aspirated prior to attempting visualization. 

BERNSTEIN 


Figley, M. M., Nordenstrém, B., Stern, A. M., 
and Sloan, H.: Angiocardiographic Mixing Defects 
as Indicators of Left to Right Shunts. Acta radiol. 
45: 425 (June), 1956. 

Angiocardiograms in 75 patients with. verified 
left-to-right shunts were reviewed. Patients with 
patent ductus arteriosus showed nonopacified 
filling defects demonstrable either at the venous 
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nd of the ductus or extending proximally almost 
o the pulmonic valve. These occurred almost 
ulways in ventricular diastole, less frequently in 
systole. In patients with ventricular septal defects 
mixing defects, large or small, oftener in systole 
than diastole were demonstrated in 7 of 18 cases. 
With atrial septal defect findings were diagnostic 
only within sharply marginated right atria in 3 of 13 
cases. There was 1 demonstrable instance of total 
pulmonary venous drainage into a left superior 
vena cava draining into a left innominate vein and 
another with indentation of the lateral margin of 
the superior vena cava by a right anomalously 
draining pulmonary vein. 
SCHWEDEL 


Bétouliéres, P., Giraud, G., Pélissier, M., Barjon, 
P., Latour, H., and Puech, P.: Combined use of 
Simultaneous Polytomography and Angiocardio- 
graph in the Analytical Study of Cardiac and 
Vascular Cavities. Arch. mal. coeur 49: 441 
(May), 1956. 

In rabbits a deep cassette containing 6 films 8 
mm. apart is swung manually during injection of 
radiopaque dye. In order to compensate for the 
different intensity of the x-rays falling on each 
film, the more distant films have stronger intensifier 
sereens and are developed longer. The 6 roentgeno- 
logic cross-sections of the heart obtained by this 
method allow recognition of the cardiac cavities, 


great vessels, and valves with much greater clarity 
than conventional angiocardiography. Technical 
improvements will allow the reduction of the swing 
time to less than 0.1 second and its synchronization 
with the electrocardiogram, so that systolic and 
diastolic tomograms can be obtained. 

LeEPESCHKIN 


SURGERY AND CARDIOVASCULAR 
DISEASE 


Kruse, C. A., and Kirby, F. G.: Maximum Benefit 
from Thromboendarterectomy. J.A.M.A. 161: 
324 (May 26), 1956. 

Recent surgical literature indicates an increasing 
acceptance of the direct surgical treatment of ob- 
structive arteriosclerosis. The removal of the ob- 
struction and the reestablishment of the vascular 
channel by resection and replacement by a suitable 
vascular graft, or by thromboendarterectomy have 
both been successful. A case of obstructive arterio- 
sclerosis of the right common iliac artery treated by 
thromboendarterectomy is reported. Maximum 
benefit was obtained and this benefit has been 
maintained over a period of 3 years, suggesting that 
the vessel will remain patent for the duration of the 
patient’s life and that this area will be the least 
involved by future arteriosclerotic changes in his 
total vascular system. Selection of patients with 
localized or segmental arteriosclerosis and_ well- 


developed collateral circulation would seem to be 
the greatest factor in obtaining a maximum result 
by thromboendarterectomy. 

KITCHELL 


Glenn, W. W. L., Bloomer, W. E., and Spear, H. C.: 

Operative Closure of the Patent Ductus Arteriosus: 

A Report of 110 Operations without Mortality. 

Ann. Surg. 148: 471 (April), 1956. 

The authors described their experiences in the 
surgical closure of a patent ductus arteriosus in a 
series of 110 operations, performed on patients 
ranging in age from 7 months to 42 years. In 91 
patients the ductus was divided between Potts 
ductus clamps. In every patient 1 or more antibiotics 
were given. All patients survived. The authors did 
not think that division of the ductus was more 
hazardous than ligation. They pointed out that for 
the best results in the treatment of this condition, 
the surgeon, pediatric or medical cardiologist, 
anesthetist, and radiologist must work together as 
a team. 

ABRAMSON 


Baffes, T. G.: A New Method for Surgical Cor- 
rection of Transposition of the Aorta and Pul- 
monary Artery. Surg., Gynec. & Obst. 102: 227 
(Feb.), 1956. 

After attempting various procedures for the 
correction of transposition of the aorta and pul- 
monary artery, the author found most. satisfac- 
tory the technic of utilizing a homologous aortic 
graft to transpose the inferior vena cava and the 
right pulmonary veins. This approach was applied 
successfully in 1 patient. - 

The operation consisted of dissecting the right 
pulmonary veins and the inferior vena cava 
free and applying a curved coarctation clamp on the 
latter vessel so that blood flow through it into 
the right atrium was not occluded. An incision 
was made in the portion of inferior vena cava held 
within the coarctation clamp and one end of 
the aortic graft was anastomosed to the edges of the 
incision. The open end of the graft was sutured to 
the lateral wall of the right atrium. Finally, the 
attachment of the inferior vena cava to the right 
atrium was divided, causing blood to flow from the 
inferior vena cava through the aortic graft and into 
the left atrium. With such a procedure, blood from 
the inferior vena cava empties into the pulmonary 
circulation via the left atrium, while blood from 
the right pulmonary veins reaches the systemic 
circulation by way of the right atrium. 

ABRAMSON 


Dale, W. A., Pualwan, F., and Bauer, F. M.: Liga- 
tion of the Inferior Vena Cava with Absorbable 
Gut. Surg., Gynec. & Obst. 102: 517 (May), 1956. 
Temporary ligation of the inferior vena cava was 
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subsequent course was studied using venograms and 
autopsy examination. In 10 of the animals Tromexan 
was administered before operation and continued 
postoperatively. 

Twenty-seven dogs survived for over 10 days. 
Twenty-three showed x-ray and autopsy deligation 
and luminal reconstitution of the cava. In the 
series as a whole the use of absorbable gut resulted 
in a high percentage of later deligation and recanali- 
zation of the venous lumen. It was found that ex- 
tensive distal venous thrombosis could be prevented 
by early postoperative use of Tromexan. 

Saphenous venous pressure was high immediately 
after operation but it dropped and leveled off at an 
elevated point 1 hour later. With the reestablish- 
ment of the circulation through the inferior vena 
cava, the pressure gradually decreased. 

ABRAMSON 


Glover, R. P.: The Present Status of Patients 
Subjected to Mitral Commissurotomy Five or 
More Years Ago. Surg., Gynec. & Obst. 102: 
623 (May), 1956. 

The author evaluated the effects of mitral com- 
missurotomy on a series of 50 patients observed for 
5 to 614 years after operation. In 20 there was a 
definite history of rheumatic infection, while in 
every instance there was some degree of cardio- 
respiratory functional incapacity. Twenty-seven 
patients had experienced 1 or more bouts of con- 
gestive failure, 23 gave a history of gross hemoptysis, 
and 6 had had arterial emboli from which they 
recovered with some residual damage. 

Three patients died within the first postoperative 
month. The cause of death was the production of 
too much valvular insufficiency in 2 and surgical 
shock in the third. An additional 6 patients had died 
within a 3-year period. Forty-one patients were 
living approximately 5 vears or more after surgery. 

The author pointed out that if one were to judge 
the present clinical status of patients with com- 
missurotomy on the basis of their murmurs alone, 
it would be impossible to reach any definitive con- 
clusion. However, he believes that, as assayed both 
subjectively and objectively, the operation has been 
of value to the majority of patients so treated. 
Furthermore, the degree of improvement obtained 
at the end of the first postoperative year has been 
maintained over a 5-year period. 

ABRAMSON 


Lewis, F. J., Varco, R. L., Taufic, M., and Niazi, 
S. A.: Direct Vision Repair of Triatrial Heart and 
Total Anomalous Pulmonary Venous Drainage. 
Surg., Gynec. & Obst. 102: 713 (June), 1956. 
The authors presented the results of surgical 

treatment, using hypothermia and direct vision 

repair, in 2 unusual congenital cardiac anomalies. 


ABSTRACTS 


performed in 55 dogs using absorbable gut. The 


In both cases there was an abnormal joining of the 
pulmonary veins and the atria. One was a triatrial 
heart, and the other, total anomalous pulmonary 
venous drainage with entry of all the pulmonary 
veins into the right atrium. In the latter instance, 
the only blood received by the left atrium was 
that which flowed through the patent foramen ovale. 
In the patient with the triatrial heart the left 
atrium was divided by a septum into 2 chambers—a 
posterior-superior cavity into which all of the pul- 
monary veins entered, and an anterior-inferio: 
savity which led into the left ventricle through a 
normal mitral valve. The third atrial chamber was 
opened while a finger in the left atrium invaginated 
the abnormal septum into the third chamber, and 
then the septum was divided under direct. vision. 
In the patient with total anomalous pulmonary 
venous drainage, the right atrium was opened 
under direct vision, the atrial- septal defect was 
enlarged and then the right atrium was reconstructed. 
The 4 pulmonary veins were directed through the 
atrial septal defect into the left atrium. 
ABRAMSON 


Foley, P. J., Allen, E. V., and James, J. M.: Surgical 
Treatment of Acquired Arteriovenous Fistulas. 
Am. J. Surg. 91: 611 (April), 1956. 

The authors studied 32 patients with traumatic 
arteriovenous fistulas who had been treated with 
quadruple ligation and excision of the lesion. Good 
follow-up data were available on 24 of these sub- 
jects. Of this number 4 had involvement of an upper 
limb and 20 of a lower limb. Of the latter, 10 had 
residual arterial insufficiency while the remainder 
demonstrated an adequate circulation. In all 4 
patients with upper extremity lesions there was 
some impaired use of the involved arm. In most of 
the cases in the group, symptoms of venous in- 
sufficiency existed. 

The authors concluded that, when possible, the 
surgeon should attempt to reestablish arterial and 
venous continuity in the lower limb when treating 
traumatic arteriovenous fistula. If this cannot be 
done, satisfactory results may be obtained in most 
instances with quadruple ligation and _ excision. 

ABRAMSON 


Hoagland, R. J.: Cardiac Involvement in Infectious 
Mononucleosis. Am. J. M. Sc. 232: 252 (Sept.), 
1956. 

The previous literature on this subject is reviewed 
by the author, who finds the reported incidence of 
electrocardiographic abnormalities in infectious 
mononucleosis to vary from 5 to 50 per cent. The 
present study concerns the clinical and _ electro- 
cardiographic findings in 100 consecutive hospital 
patients with mononucleosis. Electrocardiograms 
of 5 of the 100 patients revealed abnormalities. 
The changes consisted of prolongation of the P-R 
interval, complete atrioventricular heart block, 
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prolonged Q-T interval, and flattened T wave in 
lead II. The high incidence of electrocardiographic 
: bnormalities reported elsewhere may be related to 
n incorrect diagnosis of mononucleosis or to inter- 
wretation of the electrocardiograms in which the 
o-called “changes” were within normal limits. 
n this report, mononucleosis was thought to be 
'stablished on the basis of hematologic and serologic 
lata. The findings indicate that myocarditis is not a 
‘linically recognizable feature of mononucleosis. 
SHUMAN 


Cruz, P. T., and Stambaugh, E. F.: Intracardiac 
Extension of a Bronchogenic Carcinoma. Dis. 
of Chest 29: 441 (April), 1956. 

A rare case of bronchogenic carcinoma with 
invasion of the median pulmonary vein and a pe- 
dunculated extension into the left atrium and ven- 
tricle is presented. There were no other sites of 
metastases. The authors discuss the varied histology 
at different areas in the tumor mass with relation to 
our present histologic classification of bronchogenic 
carcinoma. 

MAXWELL 


Pansch, I.: Functional Mitral Stenosis due to 
Myxoma. Ztschr. Kreislaufforsch. 45: 619 (Aug.), 
1956. 

Typical symptoms of mitral stenosis (including 
accentuation of the first heart sound) were present 
in a man who died in pulmonary edema and in whom 
an apple-sized myxoma of the left atrium was 
found at autopsy. The myxoma was attached to 
the posterior wall of the atrium while the mitral 
valves were completely normal. The patient had 
previously reported sudden episodes of unconscious- 
ness during work. 

LEPESCHKIN 


VASCULAR DISEASE 


Meltzer, J. I.: Pericardial Effusion in Generalized 
Scleroderma. Am. J. Med. 20: 638 (April), 1956. 
The author describes 2 patients with pericardial 

effusion apparently due to involvement of the 

pericardium in scleroderma. The pericarditis as- 
sociated with scleroderma may have a protracted 
course and may not significantly contribute to 
disability over long periods of time. The fluid in 
both patients was similar, characterized by high 
protein, low cell count, absence of blood, and nega- 
tive culture. In 1 patient the electrophoretic patterns 


of the heparinized pericardial fluid and of the plasma 
were virtually identical. 
Harris 


Zendel, J. F., and Paulin, C.: Prolonged Shock in 
Dissecting Aortic Aneurysm. Arch. Int. Med. 
98: 106 (July), 1956. 

A case of prolonged shock associated with a dis- 
secting aneurysm of the aorta is described. The 
shock responded to therapy with levarterenol 
(Levophed) until death resulted from rupture of 
the aneurysm into the pericardial sac, with re- 
sultant cardiac tamponade. P-wave changes de- 
scribed in atrial infarction were found in the electro- 
‘ardiogram. 

This case further demonstrates that the electro- 
cardiographie findings may also be misleading. 
While there were no changes typical of myocardial 
infarction, the rapidly changing pattern would be 
consistent with this diagnosis. The P-wave changes 
seen in the first electrocardiogram, suggesting atrial 
infarction, may actually have been due to the diffuse 
subendocardial hemorrhage of the right atrium found 
after death. Electrolyte disturbances associated with 
azotemia, particularly hyperpotassemia, undoubt- 
edly contributed to the changes seen in the last 2 
electrocardiograms. 

BERNSTEIN 


Lofgren, K. A., Myers, T. T., and Webb, W. D., 
Jr.: Recurrent Varicose Veins. Surg., Gynec. & 
Obst. 102: 729 (June), 1956. 

The authors studied a group of 341 patients who 
underwent 510 surgical procedures for recurrent 
varicose veins. All previous operations had con- 
sisted of ligation followed by sclerosing therapy, 
except in 2 patients, who had undergone incomplete 
stripping procedures. In about 80 per cent of pa- 
tients further surgery was performed within 10 
years after the original ligation. Outstanding char- 
acteristics of recurrent varicose veins were: in- 
competency of superficial and perforator veins in 
thigh, leg, and foot, and inadequacy of ligation at 
the saphenofemoral or saphenopopliteal junctures. 

The authors stress the importance of correctly 
diagnosing the presence and location of incompetent 
veins prior to operation, so that all of them can be 
adequately treated surgically, and of proper ligation 
of vessels at the saphenofemoral or saphenopopliteal 
junctures. They indicate that eradication of all 
incompetent veins is the most effective preventive 
measure against recurrence. 

ABRAMSON 
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APPLICATIONS FOR AHA RESEARCH 
SUPPORT NOW BEING INVITED 











Applications by research investigators for 
support of projects to be developed during the 
fiscal year beginning July 1, 1958 are now being 
accepted by the Association. 

The deadline for research fellowship applica- 
tions and established investigatorships is Sep- 
tember 15, 1957. Applications for grants-in-aid 
must be made by November 1, 1957. 

Funds for Association-supported research 
in the cardiovascular field are provided by 
public contributions to the Heart Fund. At 
least half of all funds received by the American 
Heart Association’s National Office are allo- 
‘ated to research. Approximately $20 million 
have been allocated for research support by 
the Association and its state and local affiliates 
or chapters in the past nine years. 

Applications may be made for awards in the 
following categories: 

ESTABLISHED INVESTIGATORSHIPS: Awarded 
for periods of up to five years, subject to annual 
review, in amounts ranging from $6,000 to 
$8,000 yearly, to scientists of proven ability 
who have developed in their research careers 
to the point where they are independent in- 
vestigators. Applicants for Established Inves- 
tigatorships may apply for grants-in-aid to sup- 
port their research at the same time they apply 
for Established Investigatorships. 

RESEARCH FELLOwsuHIPs: Awarded to young 
men and women with doctoral degrees for 
periods of one or two years to enable them to 
train as investigators under experienced super- 
vision. Annual stipends range from $3,800 to 
$5,700. 

ADVANCED RESEARCH FELLOWSHIPS are 
to be awarded for the first time next year for 
periods of one or two years to postdoctoral 
applicants who have had some research training 
and experience but who are not yet clearly 
qualified to conduct their own independent 
research. They will be permitted to spend up 












































































































































































































































to 25 per cent of their time in professional and 
scientific activities not strictly of research 
nature, providing that these will contribute 
to their professional development and do not 
involve services for a fee. These new stipends 
range from $4,600 to $6,500 annually. 

GRANTs-IN-Alp: Made to experienced in- 
vestigators to provide support for specified 
projects. 

The Association also maintains another and 
unique form of research support, the Career 
Investigatorship. This is given to a limited 
number of scientific investigators of unusual 
‘apacity and accomplishment to assure them 
of financial support throughout their productive 
lives. Career investigators are selected on the 
initiative of the Research Committee of the 
Association and not by application. 

Further information and applications may be 
obtained from the Medical Director, American 
Heart Association, 44 East 23rd. Street, New 
York 10, N. Y. Research fellowship application 
forms are to be used in making application for 
the Advanced Research Fellowship award. Clas- 
sification of the applicant as Research Fellow or 
Advanced Research Fellow is at the discretion 
of the American Heart Association’s Research 
Committee. 


MEMORIAL LECTURERS CHOSEN 
FOR SCIENTIFIC SESSIONS 

The Memorial Lecturers’ who have been 
chosen for the 30th Scientific Sessions of the 
American Heart Association (Chicago, Octo- 
ber 25-28), are: Charles W. Rammelkamp, Jr., 
M.D., Professor of Medicine, Western Reserve 
University, who will give the Lewis A. Conner 
Memorial Lecture on Saturday morning, 
October 26, and Nelson W. Barker, M.D., 
Professor of Medicine, Mayo Foundation, who 
will deliver the George E. Brown Memorial 
Lecture on Sunday morning. 

Dr. Rammelkamp has made outstanding 
contributions in the field of streptococcal 
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control and prevention of rheumatic fever. 
Dr. Barker is one of the leading clinicians 
in the field of peripheral vascular disease and 
has published many papers on the subject. 

The Association’s Scientific Sessions, to be 
held at the Hotel Sherman, will commemorate 
the Tercentenary of William Harvey. 

One of the innovations this year will be an 
all-day scientific program on Friday, October 
26, for physicians in general practice. The 
morning session will be devoted to “Prevention 
and Management of Cardiovascular Emer- 
gencies.”” An afternoon panel will be held on 
the same subject, to be followed by a second 
panel on “Unsettled Questions in Relation to 
Management of Cardiovascular Disease.’ 
Among these questions are diet, rehabilitation 
and indications for referral to surgery. 

A special Friday evening scientific program 
will be held on “Instrumental Methods in 
Cardiovascular Diagnosis.” 

The regular Scientific Sessions will get under- 
way Saturday morning with a brief dedication 
ceremony honoring William Harvey. Scheduled 
for Saturday morning, in addition to the Con- 
ner Memorial Lecture, are presentation of the 
Albert Lasker Award of the American Heart 
Association and a General Session. The Council 
on Rheumatic lever and Congenital Heart 
Disease will hold a luncheon on Saturday. 

The Saturday afternoon program includes 
Special Sessions of the Sections on Clinical 
Cardiology and on Circulation, and of the 
Council on Rheumatic Fever and Congenital 
Heart. Disease. 

A General Session is scheduled for Sunday 
morning, and will include the Brown Memorial 
Lecture. The Community Service and Educa- 
tion Council will hold a luncheon on Sunday, 
which includes an address and the election of 
the Council’s officers. The Council has also 
scheduled a Sunday afternoon session, jointly 
with the Staff Conference of Heart Associa- 
tions, on ‘Community Service—Its Significance 
for Heart Associations.”? This program is of 
interest to all physicians who have responsi- 
bilities for community service programs con- 
ducted by Heart Associations. 

In addition, the Community Service and 
Education Council will sponsor a Sunday 


afternoon scientific panel, to be organized by 

Dr. Herbert Pollack, on ‘‘The Present Status 

of Fat Metabolism and Atherosclerosis.” 

The Association’s Annual Dinner, including 
the presentation of awards, will be held Sunday 
evening. 

Special Sessions of the Sections on Basic 
Science and on Cardiovascular Surgery and 
the Council for High Blood Pressure Research 
will conclude the Scientific Sessions on Monday 
morning. 

Six Assembly Panels will be in sesssion on 
Monday. The Panels will deal with Research; 
Fund Raising and Public Relations; Relation- 
ships and Responsibilities between national, 
state and local Heart Associations; Community 
Service; Heart Association Support of Medical 
Schools; and Heart Association Services to 
Professional Groups. Recommendations made 
by these six Panels will be reviewed by the full 
Assembly on Tuesday morning, at which time 
officers of the Association and Board members 
will be elected. 

MICHAEL REESE HOSPITAL, CHICAGO, 

OFFERS ECG COURSE 

A course in Electrocardiographic Interpre- 
tation for graduate physicians will be given 
at the Michael Reese Hospital, Chicago, by 
Louis N. Katz, M.D., Director of the Cardio- 
vascular Department, Medical Research In- 
stitute, and his associates. Classes will meet 
daily from 9:00 A.M. to 5:00 P.M., August 19 
through August 31. 

Further information and a lecture schedule 
may be obtained by writing to Mrs. Margaret 
Stern, Administrative Assistant, Cardiovascu- 
lar Department, Medical Research Institute, 
Michael Reese Hospital, Chicago 16, Ill. 

MEETINGS CALENDAR 

June 16-21: American Society for Pediatric Re- 
search, Carmel, Calif. Sydney S. Gellis, 330 Brook- 
line Ave., Boston 15, Mass. 

June 17-19: American Pediatrie Society, Carmel, 
Calif. A. C. McGuinness, 1427 Eye Street, N.W., 
Washington 5, D. C. 

September 9-12: U.S. Section, International College 
of Surgeons, Chicago, Ill. Karl Meyer, 1516 Lake 
Shore Dr., Chicago, II. 

September 29-October 4: College of American Pa- 
thologists, New Orleans, La. A. H. Dearing, Pru- 
dential Plaza Suite 2115, Chicago 1, III. 
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October 1-4: American Roentgen Ray Society, 
Washington, D. C. Barton R. Young, German- 
town Hospital, Philadelphia 44, Pa. 

October 7-10: American Academy of Pediatrics, 
Chicago, Ill. E. H. Christopherson, 180t Hinman 
Ave., Evanston, IIl. 

October 14-18: American College of Surgeons, At- 
lantic City, N. J. Michael L. Mason, 40 E. Erie 
St., Chicago 11, Ill. 

October 14-19: American Society of Anesthesiolo- 
gists, Los Angeles, Calif. J. E. Remlinger, Jr., 
188 W. Randolph St., Chicago 1, Ill. 

October 21-23: Association of American Medical 
Colleges, Atlantic City, N. J. Dean F. Smiley, 
2530 Ridge Ave., Evanston, III. 

October 23-25: American Association of Medical 
Clinics, Kansas City, Mo. Harold D. Caylor, 
Caylor-Nickel Clinic, Bluffton, Ind. 

October 25-28: Scientific Sessions of the American 
Heart Association, Chicago, Il]. American Heart 
Association, 44 East 23rd St., New York 10, N. Y. 

October 28-30: Association of Military Surgeons of 
U.S., Washington, D. C. R. E. Bitner, 1726 I St., 
N.W., Washington 6, D. C. 

November 3-4: American Society for the Study of 
Arteriosclerosis, Chicago, Ill. O. J. Pollak, M.D., 
P.O. Box * 228, Dover, Del. 

November 11-15: American Public Health Associa- 
tion, Cleveland, Ohio. R. M. Atwater, 1790 Broad- 
way, New York 19, N. Y. 

November 17-22: Radiological Society of North 
America, Chicago, Ill. D. S. Childs, 713 E. Gene- 
see St., Syracuse 2, N. Y. 


ABROAD 


June 3-7: Harvey Tercentenary Congress, London. 
D. Geraint James, M.D., M.R.C.P., 11 Chandos 
St., Cavendish Square, London W.1. 

June 23-28: International Congress on Rheumatic 
Diseases, Toronto, Ont. International Congress 
on Rheumatic Diseases, P.O. Box 237, Terminal 
“A”, Toronto, Ontario, Canada. 

July 7-13: Brazilian Congress of Cardiology and 
Angiology, Rio de Janeiro. Dr. A. de Carvalho 
Azevedo, Rua Domingos Ferreira 28, Rio de 
Janeiro, Brazil. 

July 14-19: International Gerontological Congress, 
Merano-Bolzano, Italy. Segreteria, Quarto Con- 
gresso Internazionale de Gerontologia, Viale 
Morgagni 85, Firenze, Italy. 

July 21-28: International Congress of Neurological 
Sciences, Brussels, Belgium. Pearce Bailey, M.D., 
National Institutes of Health, Bethesda 14, Md. 

July 24-29: International Congress of Nutrition, 
Paris. Congress International de Nutrition, 71 
Blvd. Pereire, Paris 17°, France., 

September 29-October 5: World Medical Associa- 
tion, Istanbul, Turkey. Louis H. Bauer, 10 Co- 
lumbus Circle, New York 19, N. Y. 

October 27—November 2: Congress of International 
Society of Surgery, Mexico City, Mexico. Dr. L. 
Dejardin, 141 rue Belliard, Brussels, Belgium. 

September 14-21, 1958: Third World Congress of 
Cardiology, Brussels. Dr. F. Van Dooren, 80 Rue 
Mercelis, Brussels, Belgium. 
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in myocardial infarction, 575 
in poliomyelitis, 738 
premature beats in atrioventric- 
ular rhythm, 462 
premature beats in supernormal 
phase of intraventricular 
conduction, 464 
Pro-banthine affecting, 945 
QRS complex 
in myocardial infarction, 945 
prolongation, 776 
Q-T interval variations, 137 
quinidine affecting, 463 
R wave and T wave correlations, 
463 
relative value of, 299 
T waves, 70-76, 90-97, 139 
TU-U abnormalities, 102-104 
U waves, symposium, 70-110 
in valvular pulmonary stenosis, 
816 
ventricular fibrillation with T 
wave inversion in A-V 
block, 139 
ventricular repolarization, 944 
Wolff-Parkinson-White syn- 
drome, 299 
Electrokymography of left heart in 
mitral insufficiency, 682 
Electrolytes 
effects on circulation and acute 
hyponatremia, 783 
estrogen affecting metabolism, 
951 
excretion in sulfate diuresis, 951 
Electron microscopy of lung, 780 
Embolectomy, arterial, repeated 
786 
Emboli 
aortic, fibrinolytic enzymes in, 
145 
atheromatous, and renal hyper- 
tension, 465 


cerebral, laterality of, 312 

peripheral, in mitral stenosis, 
929 

pulmonary 


antenatal, 148 
diagnosis and management, 
146 
experimental, 301 
fatal, by amniotic fluid, 468 
Emotions and cardiac symptoms, 
313 
Emphysema, pulmonary 
circulation time in, 455 
and cor pulmonale, 757-768 
coronary blood flow in, 782 
Encephalopathy, Wernicke’s, 836- 
843 
Endocarditis 
bacterial 
after cardiac surgery, 525-530 
and congenital cardiac de- 
fects, 636 
in mitral stenosis, 931 
murmurless, 777 
in poliomyelitis, 740 
staphylococcal, 641-644 


after mitral valvulotomy, 


295 
subacute, 295 
penicillin V therapy, 295 


treatment of streptococcal in- 





975 


fections in prevention of, 
154-157 
mycotic, of tricuspid valve, 778 
Endocrine effects on circulation, 
140 
Eosinopenia in myocardial infare- 
tion, 942 
Epinephrine 
arrhythmias from, acetylcholine 
in, 472 
plasma concentrations of, after 
chemical agents, 474 
Ergotamine test in rabbit, 775 
Erythrocyte packed cell volume 
determinations, 62/ 
Esophageal 
atrial cardiogram, 140 
balloon tracings in mitral valve 
disease, 788 
electrocardiogram, cancellation 
of, 897-902 
Estrogen, effects on water and 


electrolyte metabolism, 
951 

Ether 

anesthesia, hemodynamic ef- 


fects, 301 
in circulation time studies, 452 
Evans blue dye, measuring cere- 
bral circulation, 306 
Exercise 
in disease, respiratory function 
after, 469 
in gangrene of feet and legs, 689— 
700 
tolerance test in mitral stenosis, 
788 
Extrasystoles 
electrically induced, 139 
ventricular, coupling intervals 
of, 82-89 
Exudate, inflammatory, and ana- 
phylactic tissue reaction, 
303 


Fallot’s tetralogy, 182 
absent left pulmonary artery in, 
938 
pulmonary atresia in, 939 
Fat emulsion infusion studies, 
889-895 
affecting serum lipoproteins, 609 
Fats, effects on blood coagulation, 
274-278 
Fetal pulmonary circulation, 167 
Fibrillation 
atrial 
production in dogs, 301 
ventricular dynamics in, 335- 
346 
uniatrial, 883-887 
ventricular 
procaine producing, 301 
in right heart catheterization, 
473 
spontaneous reversion to nor- 
mal rhythm in myocardial 
infarction, 297 
with T wave inversion in A-V 
block, 139 
Fibrosis, endocardial, in infants, 
141 
Fistula, arteriovenous, acquired, 
surgery in, 954 


976 


Fluorescein, in circulation time 
studies, 452 

Foramen ovale, premature obliter- 
ation of, 938 


Gallop rhythm, 321-323 
Gamma globulin in lesions of 
hypersensitivity states, 
623 
Gangrene of feet and legs, ambu- 
latory treatment, 689-700 
Geriatric conditions. See Aging 
Glucose in resuscitation of hypo- 
thermic heart, 781 
Glutamic oxaloacetic transami- 
nase. See Transaminase 
Glutathione, and cardiac muscle 
function, 307 
Grafts 
aortic 
and renal arteries, 786 
vascular, 617 
arterial, 21-29, 144 
and excision of aortic aneu- 
rysms, 310 
seamless synthetic, 785 
in atherosclerosis of lower limbs, 
145 


Hamartoma, fibroelastic, of heart 
valves, 141 
numbness, in 
syndrome, 794 
Harvey, William 
cardiovascular knowledge before 
and after time of, 726-733, 
915-923 
commemoration, 795 
Head immobilization, and airsick- 
ness, 314 


Hand, 


tired arm 


Heart 
arrest, treatment of, 307, 594 
beat, premature 

in atrioventricular 
462 
in supernormal phase of intra- 
ventricular conduction, 
464 
block 
benign bundle-branch block, 
464 
bundle branch, with myocar- 
dial infarction, vector- 
cardiography in, 777 
ventricular arrhythmias in, 
547-557 
contraction, and coronary blood 
flow, 14-19 
dextroposition of, 611 
ejection curve, 308 
failure, congestive 
circulation time in, 454 
in infancy, with coarctation of 
aorta, 133 
function test, 54-63, 950 
in increased work, 302 
muscle function, and glutathi- 
one, 307 
Nylin function test, 950 
output 
estimation, 309 
factors in, 875-882 
Starr method, 313 
rate, effects of, 950 


rhythm, 


INDEX 


sounds 
in anesthesia, 138 
first, after digitalis glycoside 
in arrhythmia, 308 
in mitral stenosis, 6/4 
vibration analysis of , 139 
tamponade, electrocardiogram 
in, 137 
vascular system, 780 
Heat exchange, vascular, in fins of 
whales, 309 
Hemiplegia, vasomotor responses 
in, 519 
Hemoglobin levels in congenital 
heart disease, age factors 
in, 133 
Hemolytic reaction after intra- 
venous mephyton, 133 
Hemophilia, 938 
Hemorrhage 
gastric, and salicylate ingestion, 
623 
massive arterial, in chronic cor 
pulmonale, 313 
Hemorrhagic fever, hemodynamic 
changes in, 414-424 
Hemostasis, platelet serotonin 
content factors, 353-356 
Heparin-activated clearing factor, 
889-895 
Heparin therapy in myocardial 
infarction, 298 
Hepatic vein thrombosis, 792 
Hepatitis, viral, myocarditis in, 
468 
Hexamethonium 
in causalgia, 791 
in insulin-induced hypoglycemia 
and angina pectoris, 613 
Hibernation, artificial, circulatory 
function in, 308 
Histamine 
in circulation time studies, 452 
test for pheochromocytoma, 9 
Homografts, arterial, 21-29, 144 
Hydralazine 
disease, L.E. cells in, 466 
therapy, with reserpine, in 
hypertension, 467 
Hydrodynamics in ventricular 
septal defects, 461 
Hyperchlorhydria from intrave- 
nous reserpine, 304 
Hypotensive technics in surgery, 
143, 617 
Hypothalamic pressor response, 
reserpine affecting, 475 
Hypothermia 
cardiovascular function in, 512- 
516 
and hypotension in surgery of 
thoracie aorta, 143 
studies in monkeys, 303, 781 
in surgery, results with, 145 
ventricular fibrillation from, 
thiopental in, 474 
Hypothermic heart, glucose in re- 
suscitation of, 781 
Hypoxia in athletes, heart changes 
in, 142 


Ilidar, 48-49 
Inactivity and changes in great 
vessels, 779 


|Fluorescein—Kidneys| 


Infarction 
myocardial, 135, 197-201, 941 
in aortic atenosis, 933 


bundle-branch block with, 
vectoreardiography in, 
777 

in diabetes, 297 

eosinopenia, 942 

glutamic oxalacetic trans- 


aminase levels, 134, 502- 
510, 613 
heparin therapy in, 298 
high anterior, 575-590 
lactic dehydrogenase activity, 
613 
management, 612 
mortality rates, 298 
pain distribution, 348-351 
plasma enzyme activity in, 
942 
prognostic factors, 942 
QRS complex, 945 
racial incidence in Cape Town, 
134 
radioactive 
in, 942 
serum aldolase levels in, 942 
spontaneous reversion of ven- 
tricular fibrillation to nor- 
mal rhythm in, 297 
tests in, 297 
U wave in, 106 
pulmonary 
diagnosis and 
146 
glutamic oxaloacetic  trans- 
aminase activity in, 324- 
333 
in mumps, 620 
in poliomyelitis, 749 
Insufficiency 
aortic 
angiocardiography in, 784 
in aortic stenosis, 933 
rheoplethysmogram in, 790 
coronary 
glutamic oxaloacetic —trans- 
aminase activity in, 324 
333 
U wave in, 106 
mitral 
angiocardiography in, 78/4 
left heart studies, 682-687 
purse-string operation, 661- 
680 
pulmonary, after 
plasty, 820 
Insulin-induced hypoglycemia and 


iodine clearance 


Inanagement, 


valvulo- 


angina pectoris, hexa- 
methonium in, 613 
Insurance mortality investiga- 


tions, 620 
Iodine, radioactive, clearance in 
myocardial infarction, 942 
Ischemic work, response to in 
forearm, 782 
Isopropyinorepinephrine in ven- 
tricular arrhythmias, 555 


Janus syndrome, 784 


Kidneys 

angiography, tolerance to con- 
trast media in, 616 

arteries. See Arteries, renal 
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[Kidneys—Pathologie physiology 


artificial, 285-293 
contraindications, 292 
experimental use of, 292 
indications for, 290-292 

blood flow regulation, erythro- 

cytes in, 783 

denervation, effects of, 783 

effects on circulation, 951 

hematocrit of intrarenal blood, 

783 
hemodynamics, after pendio- 
mide in hypertension, 306 

interstitial pressure, 472 

lesions after acetazolamide, 140 

lesions related to cardiac lesions, 

303 
pentolinium affecting activity, 
474 

reversible uremic states, 783 

vascular response to vasodepres- 

sor sympathomimetics, 
472 

Kinetocardiography with electro- 
cardiography, 114-117 


Lactic dehydrogenase activity in 
myocardial infaretion, 613 
Lead vectors, determination of, 
299 
Lipase, lipoprotein, 889 
Lipemia 
idiopathic hyperlipemia with 
atherosclerosis, 937 
protamine in, 619 
Lipids 
changes after nicotinic acid in 
hypercholesterolemia, 936 
metabolism studies, 889-895 
Lipoma, vascular, with ophthal- 
moplegia, steatorrhea and 
phlebectasia, 792 
Lipoproteins 
beta-lipoproteins, 31-33, 619 
and cholesterol concentrations, 
805-812 
extracted from atherosclerotic 
aorta, 936 
lipase, 889 
metabolism after radiation, 609 
Liver, and circulatory regulation, 
315 
Lobeline, in circulation time 
studies, 452 
Lungs 
cancer, and cigarette smoking, 
793 
circulation, 166-171 
effects of pulmonary embo- 
lism, 301 
time studies, 951 
circulatory changes in mitral 
stenosis, 721-725 
cor pulmonale. See Cor pulmon- 
ale 
electron microscopy of, 780 
emphysema and cor pulmonale, 
757-768 
function tests, 314 
mechanical properties in orthop- 
nea, 859-863 
vascular diseases. See Vascular 
conditions, pulmonary 


INDEX 


Lupus erythematosis 
diagnostic procedures, 614 
neurologic and psychiatric signs 
in, 613 


Magnesium sulfate in circulation 
time studies, 452 
Mammopathy, adolescent, in rhab- 

domyosarcoma of heart, 
613 
Marfan’s syndrome, 543 
Mecamylamine therapy in hyper- 
tension, 946, 947 
Mecholyl test for pheochromocy- 
toma, 9 
Mephyton, intravenous, hemolytic 
reaction after, 133 
Mercaptomerin, reactions to, 305 
Mercuhydrin, in pregnancy, 855 
Mersoben 
diuretic, 305 
in pregnancy, 855 
Mesothelioma of pericardium, 385— 
389 
Metabolic effects on circulation 
‘ardiotonic activity of adrenal 
steroids, 947 
cigarette smoking, effects of, 947 
nutritional deficiency, 947 
responses of old people to cold 
environment, 313 
tocopherol intake, 947 
Metabolites affecting coronary 
flow and cardiac acitivity, 
304 
Metamine in angina, 405-412 
Metaraminol in hypotension, 782 
Metrox in pregnancy, 855 
Mictine, evaluation of, 426-428 
Mitral valve. See Valves, mitral 
Mononucleosis, infectious, cardiac 
involvement in, 954 
Morphine, effects on cerebral me- 
tabolism, 379-383 
Mortality rate 
insurance investigations, 620 
in myocardial infarction, 298 
review of medical cardiac 
deaths, 622 
in valvular pulmonary stenosis, 
819 
Mumps, pulmonary infarction in, 
620 
Murmurs, vibration analysis of, 
139 
Muscular pressure after carnigen 
injection, 305 
Myeloma, artherosclerosis in, 620 
Myocarditis 
in poliomyelitis, 735-740 
in viral hepatitis, 468 
Myocardium 
cigarette smoking affecting me- 
tabolism, 251-256 
failure, 930 
idiopathic, in pregnancy and 
puerperium, 903-913 
infaretion. See Infarction, myo- 
cardial 
ischemia with coronary artery 
disease, 612 
length of fibers and nuclei in car- 
diac dilatation, 467 
physiopathology, 780 


977 


revascularization, 785 

sodium lactate in disorders, 591 
Myxedema 

circulation time in, 456 

heart disease, 140, 442-447 
Myxoma 

atrial, diagnosis of, 142 

mitral stenosis from, 955 


N-allylnormorphine, affecting cer- 
ebral metabolism, 379-383 
Neohydrin, in pregnancy, 855 
Nephrectomy, extracellular fluid 
after, 952 
Nephritis, epidemic acute, 314 
Nervous control of joint blood 
vessels, 793 
Neurosis, cardiac, 313 
Newborn, vectorcardiography of 
298 
Nicotinic acid, effects of 
on blood cholesterol, 937 
on blood lipids, in hypercholes- 
terolemia, 936 
Nicotine, effects of. See Cigarette 
smoking 
Nitrites, effects of, 113, 116 
Nitroglycerin, effects of, 113, 117 
ointment, 116 
sublingual, 114 
Nitroglyn, effects of, 114 
Norepinephrine, pressor effects of, 
after sodium restriction, 
231-236 
Nutritional deficiency, effects of, 
947 
Nylin heart function test, 950 


’ 


Ophthalmoplegia, steatorrhea, 
phlebectasia and vascular 
lipomas, 792 

Orthopnea, mechanical properties 
of lungs in, 859-863 

Osteoarthropathy, hypertrophic, 
idiopathic clubbing with, 
620 

Oxygen 

arterial saturation, and alveolar 

oxygen tension, 314 
tension of tissue in vivo, 646-658 
uptake, maximal, 302 


Pacemaker 
electric, in ventricular stand- 
still, 776 
ultramicroelectrode 
from, 308 
Pain distribution in myocardial 
infarction, 348-351 
Papaverine 
in circulation time studies, 453 
effects of, 113-114 
Paraldehyde, in circulation time 
studies, 453 
Pathologic physiology 
atrial fibrillation production in 
dogs, 301 
changes of cardiac dynamics in 
mitral valvulvar disease, 
300 
chronic cor pulmonale, experi- 
mental findings, 302 
circulation in dogs after respira- 


tory arrest from curare, 
142 


recording 
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Pathologic physiology (Cont'd) 
diagnosis of atrial myxomas, 142 
duration of diastole in mitral 
stenosis, 469 
dye dilution curves in valvular 
disease, 471 
effects of pulmonary embolism 
on pulmonary circulation, 
301 
experimental pulmonary hyper- 
tension by embolization, 
301 
heart in increased work, 302 
heart sensitivity to hypoxia in 
athletes, 142 
hemodynamic effects of ether 
anesthesia, 301 
hypothermia in monkeys, 303 
inflammatory exudate and ana- 
phylaxis, 303 
mechanism of atrioventricular 
arrhythmias, 469 
oxygen uptake, maximal, 302 
preoperative left-heart catheter- 
ization, 470 
pressure curves from coronary 
sinus, 470 
pressure patterns in constrictive 
pericarditis, 470 
pressure pulses in aortic valvu- 
lar disease, 471 
pressure pulses in mitral valvu- 
lar disease, 470 
pulmonary arterial wedge pres- 
sure, 143 
pulmonary capillary pressures 
in mitral disease, 142 
relation of volumogram and 
electrogram, 469 
renal lesions related to cardiac 
lesions, 303 
respiratory function in disease, 
after exercise, 469 
thoracic duct ligation and ana- 
phylaxis, 303 
vasoactive drugs and oxygen 
saturation of coronary 
sinus blood, 300 
woman without pulse, 302 
work hypertrophy of heart in 
rats, 300 
Pathology 
aneurysms of aorta, /4/ 
electron microscopy of lung, 780 
endocardial fibrosis in infants, 
141 

fatal pulmonary embolism by 
amniotic fluid, 468 

fibroelastic hamartomas of heart 
valves, 141 

inactivity and changes in great 
vessels, 779 

measurements of ventricles in 
hypertrophy, 141 

muscle fiber measurements in 
cardiac dilatation, 467 

myocarditis in viral hepatitis, 
468 

pericardial angiosarcoma, 141 

pneumocardiopexis in revascu- 
larization of heart, 468 

pulmonary capillaries and alve- 
oli of mouse, 468 

renal lesions after acetazol- 
amide, 140 


INDEX 






secondary vascular changes in 
lungs, 780 
weight of pulmonary artery in 
sclerosis and hyperten- 
sion, 468 
Pendiomide in hypertension, renal 
hemodynamics after, 306 
Penicillin 
in prophylaxis for bacterial en- 
docarditis in congenital 
defects, 637 
in streptococcal pharyngitis in 
children, 615 
Penicillin V 
clinical uses, 473 
in subacute bacterial endocardi- 
tis, 295 
Pentaerythrol tetranitrate, effects 
of, 114 
in angina, 405-412 
Pentolinium in hypertension, 467 
renal response to, 466, 474 
Pericarditis 
acute nonspecific, 777 
circulation time in, 455 
constrictive, 161-163 
pressure patterns in, 470 
diagnosis by pericardial biopsy, 
nn 
4d 
glutamic oxaloacetic transam- 
inase activity in, 324- 
333 
idiopathic, cortisone in, 778 
in poliomyelitis, 740 
Pericardium 
effusion in scleroderma, 955 
mesothelioma of, 385-389 
transaminase levels in injury, 
778 
Peripheral circulation disturb- 
ances in valvular heart 
disease, 312 
Peritrate 
in angina, 405-412 
effects of, 114 
Pharmacology 
acetazolamide, 304 
acetylcholine in epinephrine 
arrhythmias, 472 
acetyl-digitoxin, 474 
acetyl strophanthidin therapy, 
948 
antiserotonin agents, 472 
‘arbon dioxide in tachycardias 
from veratrine, 473 
cardiac arrests, treatment of, 
307 
carnigen, intramuscular pres- 
sure after, 305 
ratheterization. See Catheteri- 
zation 
digitalis in anesthesiology, 305 
digitalis glycoside in arrhyth- 
mia, 308 
digitalization, effects of, 473 
Diodrast and Urokon, intra- 
arterial, in arteriography, 
472 
Dolitrone, effects of, 305 
drug effects in aging patients, 
948 
epinephrine, plasma concentra- 
tions after chemical 
agents, 474 
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Evans blue dye measuring cere- 
bral circulation, 306 
glutathione and cardiac muscle 
function, 307 
hibernation, circulatory fune- 
tion in, 308 
mercaptomerin, reactions to 
305 
mersoben as diuretic, 305 
metabolites, action on heart, 304 
mitral valve function, 306 
pendiomide in hypertension, re- 
nal activity after, 306 
penicillin V, 473 
pentolinium affecting renal ac- 
tivity, 474 
pneumomassage of heart, 471 
procaine amide and quinidine, 
and heart action, 304 
renal interstitial pressure, 472 
reserpine . and hypothalamic 
pressor response, 47 
reserpine, intravenous, hyper- 
chlorhydria from, 304 
resuscitation and neurologic tol- 
erance to anoxia, 306 
ronicol, effects of, 948 
Sintrom, 713-719 
Strophanthin affecting heart ac- 
tion, 305 
Strophanthin and renal excre- 
tion of potassium and so- 
dium, 473 
succinylcholine in cardiac syn- 
apses, 949 
theophylline, plasma, after rec- 
tal aminophylline, 949 
thiopental in ventricular fibril- 
lation from hypothermia, 
474 
tolazoline, arrhythmias from, 
472 
ultramicroelectrode recording 
from cardiac pacemaker, 
308 
vasodepressor sympathomimet- 
ics, renal vascular re- 
sponse to, 472 
venomotor tone in venous con- 
gestion, 307 
veratrum and rauwolfia, mix- 
ture, effects of , 304 
Phenoxybenzamine, 49 
Phenoxymethy]l penicillin, 473 
in subacute bacterial endocardi- 
tis, 295 
Phentolamine test for pheochro- 
mocytoma, 9 
Phenylbutazone 
in rheumatic fever, 310 
in thrombophlebitis, complica- 
tions of, 312 
Phenylbutyrate 
in atherosclerosis, 937 
in hypercholesterolemia, 391- 
395 
Phenylvalerate activity in hyper- 
cholesterolemia, 391-395 
Pheochromocytoma 
diagnosis and treatment, 5-11 
drug tests for, 9-10 
hypertensive phase, 946 
localization of tumor, 10 


? 





(Phi 


Phie 


Phi 
Pho 
in 
ce 


Pho 


a 


[Phlebectasia-Rhabdomyosarcoma of heart] 


Phlebectasia, ophthalmoplegia 
steatorrhea and vascular 
lipomas, 792 

Phlebothrombosis in poliomyeli- 
tis, 749 

Phonocardiograms, 299, 481 

in children, 138 
compared to ballistocardiogram, 
777 

Photoroentgenography, 
value of, 299 

Physical medicine, role of, 793 

Physiology 

adrenal cortex in diabetic reti- 
nopathy, 781 

aldosteronism from adrenocor- 
tical hyperplasia, 781 

cardiac ejection curve, 308 

cardiac output estimation, 309 

cerebral blood flow in polycythe- 
mia vera, 782 

chemoreceptors in blood vessels 
of ear of rabbits, 309 

Conn’s syndrome with hyper- 
tension, 780 

coronary flow in pulmonary em- 
physema and cor pul- 
monale, 782 

counter-current vascular heat 
exchanges in fins’ of 
whales, 309 

depressor reflexes from aortic 
nerve fibers, 949 

duration of isotonice systole, 950 

glucose in resuscitation of hypo- 
thermic heart, 781 

heart rate, effects of, 950 

hypothermia in monkeys, 781 

left atrial pressure and pulmo- 
nary vascular changes, 
949 

mesenteric and hepatic artery 
flow in hemorrhagic shock, 
950 

metaraminol in hypotension, 782 

new method for indicator-dilu- 
tion curves, 949 

Nylin heart function test, 950 

pulmonary circulation time 
studies, 951 

responses to ischemic work in 
forearm, 782 

right ventricular contraction 
and coronary artery pres- 
sure, 782 

splenic nerve stimulation, 949- 
950 

succinie dehydrogenase activity 
after exercise, 951 


relative 


Plasma 
clearing factor, heparin-acti- 
vated, 889-895 
enzyme activity in myocardial 
infarction, 942 
Platelet serotonin, and clotting 
and hemostasis, 353-356 
Pneumonia, circulation time in, 
455 
Pneumocardiopexis in revascular- 
ization of heart, 468 
Pneumomassage of heart, 471 
Pneumothorax, circulation time 
in, 455 
Poiseuille’s law, 449 


INDEX 


Polarographic measurement of 
oxygen tension, 650 
Poliomyelitis, cardiovascular dis- 
orders in, 735-754 
Polycythemia vera 
cerebral blood flow in, 782 
circulation time in, 456 
Polytomography and angiocardio- 
graph, 953 
Positive-pressure breathing, in- 
termittent, 621 
Postcommissurotomy syndrome, 
203-209, 267, 787 
Postural hypotension, treatment 
of, 791 
Potassium 
changes, in cooling of chest wall, 
559-566 
elevation in respiratory alkalo- 
sis, 951 
exchangeable content, after ste- 
roid therapy in rheumatic 
fever, 225-229 
hyperpotassemia, sodium lac- 
tate in, 596 
after mitral valve surgery, 144 
studies of, 783 
Pregnancy 
comparison of bed rest and di- 
uretics, 855-858 
and congenital cardiac defects, 
638 
idiopathic 


myocardial failure 


in, 903-913 
mitral stenosis in, 931 
toxemia of, 315 
Pressor effects of norepinephrine 


after dietary sodium re- 
striction, 231-236 
Pressure pulses 
in aortic valvular disease, 471 
in hypothermia, 514 
in mitral valvular disease, 470 
Pressures, intracardiac, registra- 
tion of, 776 
Priscoline, 48 
arrhythmias from, 472 
Priscoline-regitine, 49 
Pro-banthine affecting electrocar- 
diogram, 945 
Procaine amide, 118-124 
action of, 118-119 
administration of, 122 
in arrhythmias, 120-122 
disposition and fate of, 119 
dosages, 122 
effects on heart action, 304 
major uses of, 123-124 
pharmacology, 119-120 
relation to quinidine, 123 
toxicity, 122-123 
ventricular tachycardia and fi- 
brillation from, 301 
Proconvertin test, 296 
Protamine, in lipemia, 619 
Prothrombin time, vitamin K, 
in hypoprothrombinemia, 
938 
Psychiatric 
complications of mitral surgery, 
, 144 
signs in lupus erythematosus, 
613 
Puerperium, idiopathic myocar- 
dial failure in, 903-913 
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Pulmonary 
arteries. See 
monary 
conditions. See Lungs 
hypertension. See Blood pres- 
sure, hypertension, pul- 
monary 
valves. See Valves, pulmonary 
veins. See Veins, pulmonary 
Pulse, woman without, 302 
Pulseless disease, 237 
Purse-string suture of mitral ring, 
661-680 
Pyrimidinedione derivatives as 
diuretics, 426-428 


Arteries, pul- 


Quinidine 
action on heart, 304 
effects on electrocardiogram, 463 
relation to procaine amide, 123 
Q-T interval variations, 137 


Racial incidence of myocardial 
infarction in Capetown, 
134 
Radioactive iodine clearance in 
myocardial infarction, 942 
Radioactive sodium, in circulation 
time studies, 453 
Radiopotassium dilution curves in 
mitral valvular disease, 
532-538 
Radium C, in circulation time 
studies, 453 
Rauwolfia in hypertension, 465 
depression from, 946 
and veratrum, mixture, effects 
of, 304 
Raynaud’s syndrome, treatment 
of, 312 
Refrigeration. See Hypothermia 
Refusion, after mitral valvu- 
loplasty, 931 
Regitine test for pheochromocy- 
toma, 9 
Rehabilitation, role of, 793 
Renal conditions. See Kidneys 
Repolarization, ventricular, 944 
Rescinnamine, in hypertension, 
779 
Reserpine 
effects on hypothalamic pressor 
response, 475 
in hypertension, 779, 946 
with hydralazine, 467 
intravenous, hyperchlorhydria 
from, 304 
Respiration 
artificial, circulatory changes in, 
744 
in left ventricular failure, 492— 
500 
Respiratory function in disease, 
after exercise, 469 
Resuscitation, cardiac, 306 
of hypothermic heart, glucose in, 
781 
time limit for, 623 
Revascularization of myocardium, 
785 
pneumocardiopexis in, 468 
Rhabdomyosarcoma of heart, ado- 
lescent mammopathy in, 
613 
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Rheoangiograms after nitroglyc- 
erin, 775 
Rheograms 
peripheral, in congenital heart 
disease, 940 
venous congestion in, 945 
Rheoplethysmogram 
in aortic insufficiency, 790 
digital, 944 
Rheumatic fever 
antistreptolvsin and streptococ- 
eal antihyalurondiase ti- 
ters after hormone ther- 
apy, 309 
chemoprophylaxis in streptococ- 
cal infection, 154-157, 615 
chorea and streptococeal infec- 
tions, 614 
cortisone and ACTH therapy, 
225-229, 309, 615 
in children, 616 
penicillin in streptococcal phar- 
yngitis in children, 615 
prolonged steroid therapy for, 
225-229 
therapy, 310 
valvular lesions in, 6/4 
Rheumatic heart disease 
and myocardial failure, 932 
and postcommissurotomy syn- 
drome, 203-209 
Roentgenology 
angiocardiography. See Angio- 
cardiography 
angiography. See Angiography 
aortic calcification in syphilis, 
784 
aortic dilatation index, 310 
aortography with radiopaque 
polythene catheter, 616 
arteriography, 472, 616 
cinematography of 
valves, 784 
contrast examination of left 
heart in mitral insuffi- 
ciency, 682 
in cor triloculare biatriatum, 706 
Janus syndrome, 784 
left atrial movements in mitral 
disease, 616 
polytomography and angiocar- 
diograph, 953 
splenoportography , 952 
variations in horizontal diam- 
eter of heart, 784 
Ronicol therapy, effects of, 948 


cardiac 


Saccharin, in circulation § time 
studies, 453 
Salicylate ingestion, 623 
Scleroderma, pericardial effusion 
in, 955 
Sclerosis 
coronary arteries, in younger 
age group, 612 
pulmonary artery, and weight of 
artery, 468 
Sedimentation rate determina- 
tions, 621 
Septal defects 
atrial. See Atria, septal defects 
ventricular. See Ventricular sep- 
tal defects 
Serotonin 
antiserotonin agents, 472 
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excess in hypertension, 779 
platelet, and clotting and hem- 
ostasis, 353-356 
Shin splints, 794 
Shock 
in dissecting aortic aneurysm, 
955 
hemorrhagic, mesenteric and 
hepatic artery inflow in, 
950 
in hemorrhagic fever, 416-418 
in poliomyelitis, 746 
Shoulder, frozen, management of, 
793 
Sinoatrial block, periodic, experi 
mental, 139 
Sintrom, evaluation of, 713-719 
Sinus 
aortic, syphilitic aneurysm of, 
620 
cavernous, carotid cavernous 
fistulas, 618 
coronary, pressure curves from, 
470 
Sitosterol in hypercholesterole- 
mia, 937 
Smoking. See Cigarette smoking 
Sodium 
cyanide, in circulation time 
studies, 452 
deficiency, and water and elec- 
trolyte distribution, 783 
lactate 
indications and contraindica 
tions, 591-602 
ventricular arrhythmias after, 
547-557 
levels, after mitral valve sur- 
gery, 144 
radioactive, in circulation time 
studies, 453 
restriction, dietary, pressor ef- 
fects of norepinephrine 
after, 231-236 
Sounds. See Heart sounds 
Spinal cord transection, vasomo- 
tor responses after, 519 
Spleen, and circulatory regula- 
tion, 315 
Splenic 
arterial aneurysm, ruptured, in 
parturition, 149 
nerve stimulation, 949-950 
Splenoportography, 952 
Stab wound, of heart, activity 
after, 312 
Staphylococcal endocarditis, 641- 
644 
after mitral valvulotomy, 295 
Starling’s law, test of, 344 
Starr method of cardiac output 
measurement, 3/3 
Steatorrhea, ophthalmoplegia, 
phlebectasia and vascular 
lipomas, 792 
Stenosis 
aortic, 932-934 
Crafoord-Gross 
with graft, 133 
surgery in, 785 
transaortic commissurotomy 
in, 786 
valvotomy in, 310 
mitral, 790 
alveolar walls in, 64-67 


operation 
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commissurotomy in, 
tions for, 789 
distensibility of pulmonary 
vessels in, 789 ; 
duration of diastole in, 469 
duration of mechanical systole 
in, 788 
electron microscopy in, 780 
exercise tolerance test in, 788 
isolated congenital, 358-364 
left atrial volume in, 430-433 
from myxoma, 955 
presystolic murmur in, 789 
pulmonary circulation 
changes in, 721-725 
purse-string operation — for, 
661-680 
with record pulmonary eapil- 
lary pressure, 788 
reduplicated second — heart 
sound in, 614 
surgery in, 311, 924 
pulmonary 
arterial 
branch of artery, 865-873 
with pulmonary hyperten- 
sion, 134 
valvular, 814-825 
chest pain in, 258-265 
congential, 814-825 
with increased pulmonary 
blood flow, 296 
tricuspid, 787 
rheumatic, 790 
Sternal puncture technic, 775 
Steroid therapy, prolonged, in 
rheumatic fever, 225-229 
Stethoscopes, 481 
Stokes-Adams attacks, sodium 
lactate in, 592 
Streptococcal infections 
antihyaluronidase and _— anti- 
streptolysin titers after 
therapy in rheumatic fe- 
ver, 309 
chemoprophylaxis in, 
616 
and chorea, 614 
after mitral commissurotomy, 
267-272 
pharyngitis in children, peni 
cillin in, 615 
Strokes, little, 148 
Strophanthin therapy, 948 
affecting heart action, 305 
and renal excretion of potas- 
sium and sodium, 473 
Succinic dehydrogenase activity 
after exercise, 951 
Succinylcholine in cardiac syn- 
apses, 949 
Surgery 
in aortic stenosis, 785 
aortic valvuloplasty, 932-934 
in aortico-pulmonary defect, 311 
arrhythmia in older age group 
after thoracic surgery, 144 
arterial embolectomy, repeated, 
786 
in arteriovenous fistulas, ac 
quired, 954 
atrioseptopexy, 787 
Beck operation for coronary 
heart disease, 310 
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by-pass, cardiac, with continu- 
ous perfusion from reser- 
voir of oxygenated blood, 
143 
commissurotomy. See Commis- 
surotomy 
in coronary artery disease, 311 
direct vision, with brain-cooling 
by irrigation, 786 
endocarditis after, 525-530 
excision of aortic aneurysm, 145, 
310 
grafts. See Grafts 
hypotensive anesthesia 
nies, 143, 617 
hypothermia in, 143, 145 
ligation of inferior vena cava, 
953 
in mitral insufficiency , 661-680 
in mitral stenosis, 3/1 
mitral valvuloplasty, 924-932 
in patent ductus arteriosus, 953 
potassium and cortisone after 
mitral valve surgery, 144 
psychiatric complications of mi- 
tral surgery, 144 
in pulmonary stenosis, valvular, 
814-825 
in pulmonary venous drainage 
anomalies, 617, 954 
replacement of aortic arch, 311 
revascularization of myocar- 
dium, 785 
thromboendarterectomy, 953 
in transposition of aorta and 
pulmonary artery, 953 
in triatrial heart, 954 
valvotomy. See Commissurot- 
omy 
Sympathectomy 
in arteriosclerotic occlusive dis- 
ease, 21 
lumbar, 792 
vasomotor response after, 518 
Syncope, vasodepressor, 875-882 
Syphilis, aortic calcification in, 
784 
Syphilitic aneurysm of aortic si- 
nus, 620 
Systoles 
electric and mechanical 
in arrhythmias, 135 
duration in mitral stenosis, 
788 


isotonic, duration of, 950 


tech- 


T waves 
fusion with U waves, 70-76 
inversion, in ventricular fibrilla- 
tion in A-V block, 139 
related to U wave, 90-97 
Tachycardia 
ventricular 
in heart block, 554 
procaine producing, 301 
from veratrine, carbon dioxide 
in, 473 
Takayasu disease, 845 
Tamponade, cardiac, electrocar- 
diogram in, 137 
Temperature 
body, studies of, 309 
environmental, effects on elec- 
trocardiogram, 464 
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Tetraethylammonium test for phe- 
ochromocytoma, 10 
Tetralogy of Fallot, 182, 938, 939 
Theophylline in plasma after rec- 
tal aminophylline, 949 
Thiamine, in circulation time 
studies, 453 
Thiopental, in ventricular fib: i!la- 
tion from hypothermia, 
4T4 
Thoracic 
aorta 
obstruction of, 148 
surgery of, 143 
duct ligation, and anaphylaxis, 
303 
leads, horozontal bipolar, 464 
pain, in isolated pulmonic steno- 
sis, 258-265 
Thorazine, in angina, 405-412 
Thrombin 
activity, residual, test, of, 353 
antithrombin test, 353 
Thromboangiitis obliterans, 6/8 
Thrombocythemia, hemorrhagic, 
938 
Thrombocytopenia after acetazol- 
amide, 304 
Thromboembolic phenomena 
anticoagulants in axillary vein 
occlusion, 312 
complications of phenylbuta- 
zone in thrombophlebitis, 
312 
cor pulmonale from pulmonary 
arterial thrombosis, 146, 
47 
effects of Sintrom, 713-719 
intra-aortic fibrinolytic enzymes 
in aortic emboli, 145 
laterality of cerebral emboli, 312 
postoperative thrombophlebitis, 
618 
pulmonary embolism and infare- 
tion, 146 
vitamin K, in hypoprothrom- 
binemia, 938 
Thromboendarterectomy, 953 
Thrombophlebitis 
phenylbutazone in, complica- 
tions of, 312 
in poliomyelitis, 749 
postoperative, 618 
Thrombosis 
and coagulability, 296 
hepatic vein, 792 
inferior vena caval, 792 
obliterative, of branches of aor- 
tic arch, 237-244 
of pulmonary arteries, 146 
and chronic cor pulmonale, 
145, 147 
Thyroid extract, atrial fibrillation 
from, 301 
Thyrotoxicosis, circulation time 
in, 456 
Tobacco. See Cigarette smoking 
Tocopherol intake reauirements, 
947 
Tolazoline, effects of, 48 
Tolazoline-phentolamine, 
of, 49 
Toxemia of pregnancy, 3/5 
Transaminase, serum 
activity of, 324-333 


effects 


981 


determinations of, 94/ 
in diagnosis of myocardial in- 
farction, 134 
in pericardial injury, 778 
significance of, 502-510 
Trauma, cardiac, activity after 
stab wound, 312 
Tricuspid valve. See Valves, tri- 
cuspid 
Trypsin, affecting aortic emboli, 
TU-U waves, terminal complex, 
abnormalities of, 102-104 
Tumors, intrathoracic, angiocar- 
diography in, 616 


U-waves, 70-110 
in angina, 106-110 
in coronary disease, 105-110 
coupled ventricular extrasys- 
toles in, 82-89 
fusion with T waves, 70-76 
genesis of, 77-81 
in infarction, 105-106 
in insufficiency, coronary, 106 
negative, 136 
in hypertension, 98-101 
normal limits of, 137 
related to cardiac cycle, 136 
related to T wave, 90-97 
TU-U abnormalities, 102-104 
Ultramicroelectrode recording 
from cardiac pacemaker, 
308 
Uremia states, reversible, 783 
Urokon, intra-arterial, vascular 
responses to, 472 


Valves 
aortic 
with mitral stenosis, 930 
pressure pulses in, 471 
stenosis. See Stenosis, aortic 
cinematography of, 784 
commissurotomy. See Commis- 
surotomy 
dye dilution curves in disorders, 
471 
fibroelastic hamartoma of, 141 
mitral 
changes of cardiac dynamics 
in disease, 300 
commissurotomy, 924-932. See 
also Commissurotomy, mi- 
tral 
duration of diastole in disease, 
469 
esophageal balloon tracings in 
disorders, 788 
experimental studies, 306 
left atrial movements in dis- 
orders, 616 
pressure pulse in disease, 47 
pulmonary capillary pressures 
in, disease, 142 
radiopotassium 
curves, 532-538 
stenosis. See Stenosis, mitral 
surgery 
potassium and 
after, 144 
psychiatric 
144 
peripheral circulation disorders 
in disease, 312 


dilution 


cortisone 


complications, 
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Valves (Cont'd) 
postcommissurotomy syndrome, 
203-209, 269, 787 
pulmonary 
absence of, congenital, 397- 
403 
bicuspid, congenital, 296 
stenosis. See Stenosis, pulmo- 
nary, valvular 
in rheumatic fever, 614 
tricuspid 
closure in venous pulse in A- 
V block, 138 
with mitral stenosis, 930 
mycotic endocarditis of, 778 
stenosis, 787, 790 
Valvuloplasty 
aortic, 932-934 
mitral, 924-932 
open, response to, 814-825 
Valvulotomy. See Commissurot- 
omy 
Varicose veins, recurrent, 955 
Vascular conditions 
aneurysms. See Aneurysms 
aorta. See Aorta 
arteries. See Arteries 
arteritis, 147, 148, 845-849 
atherosclerosis. See Atheroscle- 
rosis 
cardiac, 780 
carotid-cavernous fistulas, 618 
chemoreceptors in ear of rab- 
bits, 309 
Chiari syndrome in childhood, 
792 
collateral circulation in obstruc- 
tion of thoracic aorta, 148 
complications in angiography, 
146 
in diabetes, 147 
emboli. See Emboli 
gradual vascular occlusion, 618 
lipomas with ophthalmoplegia, 
steatorrhea and phlebec- 
tasia, 792 
little strokes, 148 
nerve control of joint blood ves- 
sels, 793 
pericardial effusion in sclero- 
derma, 955 
peripheral 
circulation, 3/2, 456 
disorders, treatment of, 792 
sympathetic system lesions, 
791 
protamine in lipemia, 619 
pulmonary 
in congenital cardiac disease, 
164-192 
in mitral stenosis, 931 
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in patent ductus arteriosus, 
134 
secondary changes, 780 
recurrent varicose veins, 955 
roentgenography of renal arte- 
riovenous fistula, 149 
skin lesions with aging, 619 
thromboangiitis obliterans, 618 
thrombosis. See Thrombosis 
treatment of Raynaud’s syn- 
drome and Buerger’s dis- 
ease, 312 
veins. See Veins 
Vasoactive drugs, action on oxy- 
gen saturation of coronary 
sinus blood, 300 
Vasodepressor 
sympathomimetics, renal vas- 
cular response to, 472 
syncope, 875-882 
Vasodilator drugs, coronary, sym- 
posium, 111-117 
Vasomotor responses in neuro- 
logic lesions, 518-523 
Vasospasm in poliomyelitis, 750 
Vectorcardiography, 803, 943 
in bundle-branch block with 
myocardial infarction, 777 
in diagnosis of congenital mal- 
formations, 138 
in left ventricular hypertrophy 
with conduction delay, 
298 
of newborn, 298 
Veins 
axillary, occlusion, anticoagu- 
lants in, 312 
congestion in rhemogram, 945 
hepatic, thrombosis, 792 
jugular, registration of pulse, 
945 
peripheral, diseases in aged, 791 
pulmonary 
anomalous connections, sur- 
gery in, 617 
drainage anomalies, 610 
surgery in, 954 
obstruction to flow, 191-192 
Velocity of blood flow, 448-457 
Vena cava 
ligation, 953 
thrombosis, 792 
Venomotor tone in venous con- 
gestion, 307 
Ventricular conditions 
activity studies, 575-590 
arrhythmias in heart block, 547- 
557 
conduction disturbances, elec- 
trocardiography in, 776 
contraction, and coronary ar- 
tery pressure, 782 
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depolarization, electrical center 
of, 463 
extrasystoles, coupling intervals 
of , 82-89 
failure 
after closure of atrial septal 
defects, 568-57: 
pulmonary function in, 492- 


fibrillation. See 
ventricular 
functional single ventricle, 184 
hypertrophy 
electrocardiography and ven- 
triculography in, 298 
measurements in, 141 
pressure pulses in mitral vavu- 
lar disease, 470 
repolarization, 944 
septal defect, 172-184, 611 
hydrodynamics in, 461 
with pulmonary stenosis, 182- 
184 
simulating patent ductus ar- 
teriosus, 297 
sodium lactate in disorders, 592 
standstill, electric pacemaker 
in, 776 
tachyeardia, 301, 554 
Veratrine, tachycardia from, car- 
bon dioxide in, 473 
Veratrum and rauwolfia, effects of 
mixture, 304 
Vibration analysis of heart sounds 
and murmurs, 139 
Vitamin E requirements, 947 
Vitamin K, in hypoprothrombin- 
emia, 938 
Volumogram and electrogram, re- 
lations between, 469 


Fibrillation, 


Warfarin sodium, use of, 939 
Warming, reflex responses to, 518- 
o2¢ 
Weight changes in steroid therapy 
for rheumatic fever, 225- 
229 
Wernicke’s encephalopathy, 836- 
843 
Wolff-Parkinson-White syndrome 
electrocardiography in, 299 
experimental production of, 136 
Work 
heart in, 300, 302 
return to, after heart disease, 
793, 794 


Xanthomatosis and essential fa- 
milial hypercholesterole- 
mia, 937 
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YOUR PATIENT NEEDS AN ORGANOMERCURIAL 


Practicing physicians know that many years of clinical and laboratory experience 
with any medication are the only real test of its efficacy and safety. 


Among available, effective diuretics, the organomercurials have behind them over 
three decades of successful clinical use. Their clinical background and thousands of 
reports in the literature testify to the value of the organomercurial diuretics. 


TABLET 


NEOHYDRIN 


BRAND OF CHLORMERODRIN (18.3 MG. OF 3-CHLOROMERCURI-2-METHOXY-PROPYLUREA 
EQUIVALENT TO 10 MG. OF NON-IONIC MERCURY IN EACH TABLET) 


a standard for initial control of severe failure 


MERCUHYDRIN® SODIUM 
BRAND OF MERALLURIDE INJECTION 


LAKESIDE 


o215¢6 
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